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PREFACE 


Tuts book is the outcome of a series of investigations upon 
which I have been engaged for several years past. My first 
approach to the population problem was purely mathematical. 
But it immediately became apparent that in its real essence 
the problem was a biological one. This conclusion led to its 
controlled experimental study in the laboratory with organisms 
lower in the evolutionary scale than man. As the work has 
developed it has also become apparent that a more direct and 
penetrating study than has hitherto been made of the biolog- 
ical factors underlying human population growth was not only 
desirable, but absolutely necessary if real progress was to be 
made. The present volume brings together some of the results 
along these different lines which have accrued from the studies 
going forward in my laboratory. 

Most of the material in this book is here published for the 
first time, though I have drawn upon earlier popular and tech- 
nical papers for parts of Chapters I, VI, and VII. 

In the mechanics of the preparation of the book I have 
departed in some particulars from what is the conventional 
practice in the arrangement of scientific memoirs. Tables of 
numerical data constitute in the main the evidence upon which 
the statements in this book rest. But tables of figures are at 
best dull reading, and tend sometimes when inserted in the text 
to annoy the reader. I have, therefore, relegated all numerical 
data which could be dispensed with in the development of the 
text to an Appendix of Tables. By following consistently a 
system of cross-referencing from text to table and vice versa 
in each instance, I hope that I have not impaired materially 
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the usefulness of the book to the serious student who may wish 
to work with the original tabular data. On the other side, this 
arrangement will, I am sure, make things much easier and 
more satisfactory for the general reader. 

To the same end I have placed all bibliographic references 
in a List of Literature Cited at the end of the book, numbered 
them consecutively, and indicated citations in the text by 
enclosing the ordinal number of the reference in brackets. 
This plan I believe to be preferable to footnotes, which in the 
best case certainly detract from the beauty of the printed page, 
and draw the reader’s attention from the text. 

Upon advice I have decided, somewhat against my own view 
' as to what is appropriate in the presentation of a piece of scien- 
tific research, to translate into English the extracts quoted in 
the text from writers in other languages (in this case chiefly 
French). The translations are as literally exact as it is pos- 
sible to make them. In only two particulars have I deviated 
from the policy of translating quotations into English. These 
are, in the first place, when the quotation is very short, involv- 
ing but a few words of obvious meaning; in the second place, 
a long quotation from a French writer on technical medical 
matters among the Arabs would, if literally translated into 
English, be too frank I fear for a book which will presumably 
fall into the hands of non-medical readers. In one or two 
other cases I have left passages in the original language of the 
writer, for the sake of absolute scientific accuracy in regard to 
a statistical or other technical point. 

Finally, I wish to acknowledge most gratefully the aid I 
have had in the preparation of this book from my colleagues 
in the Department of Biometry and Vital Statistics of the 
School of Hygiene and Public Health of the Johns Hopkins 
University. In particular am I indebted to Professor Lowell J. 
Reed, who has been an active collaborator in all the studies 
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on population which have been made in this laboratory. Also 
to Professor John Rice Miner, Doctor Mary Gover, and Miss 
E. Marion Pilpel for aid of various sorts in the preparation of 
the book. To the Thomas Y. Crowell Company I am very 
grateful for permission to make a long quotation from Doctor 
Paul W. Harrison’s entertaining and valuable work “ The 
Arab at Home.” Similarly I am indebted to Mr. G. Udny Yule, 
F.R.S., for permission to quote extensively and use illustra- 
tions from his address as President of the Royal Statistical 
Society, and to Dr. O. E. Baker of the United States Depart- 
ment of Agriculture to quote and use illustrative material from 
a recent important paper of his cited in the bibliography. 
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CHAPTER I 
HOW THINGS GROW 
I 


THERE is at the present moment a great recrudescence of 
public interest in the problem of population. Books and 
articles on population growth have been appearing in the last 
five years with an abandon which could fairly be called reck- 
less if the protagonists were not so obviously in deadly earnest. 

To find any parallel to the present interest in population 
questions one must go back more than a century. During the 
period from 1890 to 1910 when this country, in common with 
most of the countries of Europe, was increasing its population 
by the addition of a larger absolute number of souls per unit 
of time than had ever before been recorded, practically no one 
thought of discussing the population problem. Rather it was 
the fashion somewhat to deride Malthus. At the present time, 
when nearly every civilized country in the world is showing 
a steadily slowing time-rate as well as a slowing percentage 
rate of population growth, a great many people are saying 
something like what Malthus did. The fact that they are 
talking in about the same way is not particularly remarkable, 
because from the only premises which existing knowledge a 
century and a half ago made possible, Malthus reasoned about 
the future course of population with a logic which was in most 
respects faultless. The more remarkable thing is that there 
should be such a wide-spread revival of interest in the subject 
just now. Why is this? 

The answer is that public interest in the question of popula- 
tion appears to be one of the standard consequences of a great 
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war. The years which linked the dying eighteenth century 
and the dawning nineteenth marked the end of a period of 
intensive and extensive warring — Napoleonic in Europe, revo- 
lutionary in America. In that period one of the principal 
topics of serious discussion by thoughtful publicists and states- 
men was the population problem. An extensive literature was 
produced. Indeed with a few extremely scattered and on the 
whole not particularly penetrating exceptions, it furnished the 
only bibliographic sources available for the twentieth century 
student of the problem. The great work was of course that of 
Malthus, but there were many others of real significance. One 
of the wisest things Benjamin Franklin’s great intellect ever 
produced was a little essay on ‘‘ Observations concerning the 
increase of mankind, peopling of countries, etc., written in 
Pennsylvania, anno 1751,” which in certain respects antici- 
pated the conclusions which Malthus, with more elaborate 
documentation but no more surely, was later to draw. 

The reason why war appears normally to engender concern 
about population is a two-fold one. In the first place, as 
Harold Cox in his “‘ The Population Problem ” (59) has shown 
perhaps better than anyone else, population pressure is always 
a major cause of war, either directly or indirectly. Curiously 
enough everybody sees this after the event, but apparently 
never before. . 

In the second place war always disorganizes, sometimes 
nearly to disruption, the pre-existing economic structure. The 
non-combatant population during the war rearranges its affairs 
in such way as to turn out products of all sorts in greater 
volume than the whole population, including the combatants, 
did before the war. The war itself creates the market which 
absorbs this super-production and indeed clamors for more. 
But when it ends the combatants come home. They want 
jobs. But so also do the folks who have stayed at home and 
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had the jobs. Production all along the line necessarily has to 
be curtailed, and in consequence unemployment makes its 
appearance. There comes into existence a more or less vague 
and inarticulate but wide-spread feeling that there are too 
many people in the world for the realization of the greatest 
degree of comfort. And so along another pathway the popula- 
tion problem emerges into the foreground of thought. 

Just now, largely for the reasons which have been outlined, 
the dire menace of ever-growing hordes of human beings 
variously colored, but invariably pictured as evilly desirous of 
dominating this pleasant globe, is being exhibited by earnest 
writers, whose zeal seems at times to outrun their information 
as well as their discretion. Some years ago it seemed to me 
perhaps desirable, before sinking miserably into the slough of 
despond for which we are said to be so inevitably heading, to 
look dispassionately into the biology of the matter. For 
plainly all growth, including that of population, is fundamen- 
tally a biological matter. It surely can do no harm to investi- 
gate the biological laws according to which the thing we are 
talking about operates. If these can be determined we shall 
at least know one significant limitation which any proposed 
social or political solution will have to take into account. 

My study of the population problem began in 1920 with an 
examination of the course of the vital index (birth-death ratio, 
100 births/deaths) during and following the war in the chief 
cities and countries (60, 62). This introduction to the matter 
led almost immediately to a mathematical attack upon its most 
fundamental aspect, namely an attempt to determine the law 
according to which the growth of populations takes place. In 
this phase of the work my colleague, Professor Lowell J. Reed, 
has been associated with me from the beginning (61, 71, 75, 
76, 78, 79). At the outstart, as a result of applying certain 
biological reasoning to the problem, we hit upon an equation 
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to describe the growth of populations, which subsequent work 
has clearly demonstrated to be a first approximation to the 
required law. As we were in process of publishing the first 
discussion of the matter (61) we found that a Belgian mathe- 
matician, P. F. Verhulst, (66, 67, 68) had as early as 1838 
used this same curve, which he called the “logistic curve,” as 
the expression of the law of population growth. Since that 
time we have extensively developed and generalized the mathe- 
matical theory, and as a result are able to bring under its 
descriptive power many cases of actual population growth 
which are not amenable to the simple law first derived by 
Verhulst. The latest and most complete résumé of the mathe- 
matical development of the work is contained in my recent 
book, “‘ Studies in Human Biology” (27). 

At the same time there have been carried on in the labora- 
tory various studies regarding more general aspects of the 
population problem (63, 64, 65, 69, 70, 72, 73, 74, 77, 80). 

It is the object of the present book to bring forward some 
new and hitherto unpublished evidence, biological, anthropo- 
logical, and experimental, on the problem. The purpose of this 
first chapter is to serve as a general introduction and means 
of orientation, both to the problem itself and to the previous 
work which has been done upon it in my laboratory. The 
farther one has gone into the problem the more apparent has 
it become that the human population question is not to be 
solved by a study of human material alone, and, particularly 
of human material derived from the highly civilized and in- 
dustrialized countries of Western Europe and America. The 
problem at bottom is clearly a biological one, requiring, to be 
sure, for its solution the application of appropriate mathe- 
matical methods, but also, and of quite as great importance, 
experimental methods. There begins clearly to emerge the 
paradoxical situation that probably a real understanding of the 
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problem to which Malthus addressed himself is going to come 
more from the intensive study of lower forms of life in the 
laboratory, under physically and chemically controlled con- 
ditions, than from any manipulation of never quite satisfactory 
demographic statistics. 


II 


Every living thing starts its separate, individual existence 
as a single cell. This state is, however, of extremely brief 
duration. What subsequently happens in the case of a higher 
multicellular organism, like man say, is that the single cell 
divides into two, then four, eight, sixteen, and so on to a 
number which finally becomes uncountably large. But in this 
process all the cells remain in contact with and attached to 
each other, the whole mass forming the growing and differen- 
tiating individual. This process of growth goes on at different 
rates, but without interruption or cessation, until the complete 
development of the adult has been attained. If we measure 
this process of individual growth by periodically repeated 
weighings (since counting of the cells is impossible after the 
very earliest stages) we shall get a rough but sufficiently 
accurate index of the increase in the number of cells, since 
they are all of roughly the same order of magnitude. 

The results of such periodic weighings give rise, when plot- 
ted upon coordinate paper, to a curve of a peculiarly charac- 
teristic shape. It is of the form which would be obtained if 
one first fashioned a letter S out of fairly stiff but flexible 
wire, and then by grasping the two tip ends partially straight- 
ened and stretched the whole thing until the ends of the upper 
and lower limbs of the letter were practically straight and 
parallel to a horizontal base, and the curve at the middle of 
the S had been straightened and inclined to the right instead 
of the left. 
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A portion of just such an individual growth curve for the 
male rat is shown in Fig. 1 (data in Appendix Table 1). The 
circles are the observed weights. These are taken from Don- 
aldson (81). The smooth curve is the graph of the equation 

213 (i) 


pa etd Sle oe SU aun ee, 
1+e 4.3204 — 7.2196 + 30.0878" -- 0.52912° 


Vales 


where y = weight in grams, and x = age in 100-day units. The 
curve was fitted to the observations by the method described 
in (27). For further details regarding this and other growth 
curves for white rats and other forms the reader should con- 
sult Pearl and Reed (82). 


Asymptote =. 2800 


Body Weigh? _ in . Grams’ 


Age in Days 


Fic. 1. The curve of growth in body weight of the male white rat. 
(Observations plotted from data of Dr. H. H. Donaldson). The smooth curve 
is the graph of equation (i). The cross denotes the point of inflection of the 
curve. 


This stretched-out S shape of the rat growth curve is ap- 
parent. This is the characteristic form of the growth curve 
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of an individual animal or plant brought about by the con- 
tinued multiplication of cells, which hang together to form 
what we recognize as the individual. Quite often, as in this 
case, the curve of growth of an individual is asymmetrical, 
or skew. 

In order that it may be seen that this form of growth curve 
is in no wise peculiar to the albino rat, two other examples 


Cucurbila pepo 


5 2 
o'r 
° 
O 
O 
2 


Weight in Grams 


Days 
Fic. 2. Growth of Cucurbita pepo. (Data from Robertson.) 


from the same source (82) will be presented. The first of 

these concerns the growth of the pumpkin (Cucurbita pepo), 

the data being those of Anderson, taken from Robertson (83), 

who was the first one to use the simplest symmetrical form of 

the logistic curve to describe the growth of the individual 

organism. The data are shown in Fig. 2. The circles give 
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the observations (which will be found in Appendix Table 2) 
and the smooth curve is the graph of the following equation: 
5190 (ii) 


a ea Se 
tae 10.3148 — 16.3399” + 8.10282” — 1.6667z° 


= 174+ 


where y = weight in grams, and x = age in 10-day units. 
A third and final example is shown in Fig. 3. It concerns 
the growth of the tail of the tadpole, after it has been cut off 


_ Length. in. tm. 


Days 
Fic. 3. Regeneration of tadpole’s tail. (Durbin’s data.) 


and is undergoing regeneration. The observations, given by 

small circles, are from Durbin (84) and are given in Appendix 

Table 3. The smooth curve is the graph of the equation, 
9.60 


a 1 + ¢ 44715 — 7.28292 + 3.383327 — 0.63702 (aii) 
where +y = length of regenerated tail in millimeters, and x = 
age in 10-day units. 
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It is obvious that in all of these cases the growth follows 
closely the same general S shaped course given by the skew 
logistic curve. 

Suppose we next consider what happens when a few yeast 
cells are dropped into an appropriate nutritive solution, sac- 
charine in nature, and the whole kept at a moderately warm 
temperature. In such a satisfactory environment the initially 
sown cells quickly divide and re-divide. Here plainly we are 


750 


ASYMPTOTE = 665.0 


300 


AMOUNT OF YEAST 


150 


0 2 20 
DAYS 


Fic. 4. The growth of a population of yeast cells. Data from Carlson, 
represented as small circles. Smooth curve from equation (iv). 


dealing with the growth of a population — of yeast cells to be 
sure, but still a population. We can, just as with human 
beings, take periodic census counts, or their methodological 
equivalent, and so determine the growth of the population. 
If such an experiment is tried the result will be essentially 
like that shown in Fig. 4. The data, given as usual by small 
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circles, are from the experimental work of Carlson (85). 
They are shown in detail in Appendix Table 4. The quantity 
of yeast at intervals in the growth was measured by a method 
of centrifugation and subsequent determination of volume and 
mass. So that while the figures in Appendix Table 4 are not 
actual censu$ counts of the yeast population, they are num- 
bers directly and with a high degree of accuracy proportional 
to what such counts would have been if they had been taken. 

The smooth curve is the graph of equation (iv) fitted to 
the observations in my laboratory. Carlson himself used a 
form of the logistic curve to describe this yeast growth. 


66.5 3 
y= 1p ¢ 41806 — 0.58662” Civ) 
where y = quantity of yeast and x = time of growth in days. 
It is apparent that this curve for the growth of a simple 
population of single cells is essentially the same in shape as 
that which in Figs. 1-3 was seen to describe the growth in size 
of a single individual multicellular organism. As a matter of 
fact the same general type of equation describes mathe- 
matically the growth in both cases. And this is in no way 
remarkable, but on the contrary what might reasonably be 
expected. For biologically the two processes have an im- 
portant element in common. It is that a major factor in the 
growth in both cases is the multiplication of cells, by successive 
division of already existing cells. In the case of the rat, the 
pumpkin, and the tadpole, all the cells throughout the process 
stick together to form a single multicellular individual. In 
the case of the yeast the cells separate after division and each 
leads its own existence, physically independent of that of all 
the others. But evidently this is a relatively unimportant 
distinction, when viewed solely from the standpoint of the 
mechanics of growth. 
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In Chapter II we shall go one step farther and examine in 
detail the growth of population in the case of a multicellular 
animal of relatively complex organization, in contrast with the 
simple unicellular yeast plant. We shall see, however, that it 
follows the same general law in its population growth that 
yeast does. The animal used in these experimental studies of 
population growth is the fruit fly Drosophila melanogaster. 


II 


But what has all this to do with human populations and 
their growth? Such lowly creatures as yeast and flies and 
rats may be all very well in their place, but they certainly 
know nothing of such recondite matters as quota plenitude, 
exclusion of individuals incapable of becoming citizens, and 
other things which we are accustomed to regard as of enormous 
importance in determining the growth of human populations. 
Just how do populations of men grow, as a matter of fact? 
Do the phenomena here follow a curve of some unique, oddly 
distorted shape, or the simple S shape curve we have seen? 

Sweden has the longest continuous record of census counts 
of any country. The magnitude of the Swedish population at 
its several censuses is shown by the small circles in Fig. 5. 
The original data, taken from (27), are shown as Appendix 
Table 5. The equation of the logistic curve for Sweden is 


6.336 (¥) 
17.265 ¢ ~ 00080 


In this and the following curves of human population growth 
y denotes population in millions, and x time. 

Now the thing about this diagram which is at once enter- 
taining and instructive is that the smooth curve is the graph 
of a mathematical equation of precisely the same sort as that 
which has been seen to describe population growth in the case 
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of yeast which we have just discussed. Obviously it fits the 

human phenomena with extreme accuracy. There appears to 

be no escape from the conclusion that the population of 
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Sweden has grown in a manner which, in its quantitative 
relations at least, is essentially like the manner in which a 
population of yeast cells grows, or, as will be seen in Chapter 
II, a population of Drosophila. 

But Sweden is a small country, whose population has pos- 
sibly been less disturbed in its growth by migratory move- 
ments, war and pestilence, than that of some other countries. 
One curve does not make a law. What of the United States? 
Receiving immigrants has been, from the start, one of its 
chief businesses. From Fig. 6 it is evident, however, that this 
real and marked politico-social difference between America and 
Sweden finds no reflection in the manner of growth of the 
population. Our old friend the stretched-out S curve fits the 
population history of the United States from 1790 to 1920 
with just as great precision as it does that of Sweden from 
1750 to 1920. The data on which Fig. 6 is based are given 
in Appendix Table 6. The equation of the fitted curve for 
the United States is 


: 197.27 vi) 
3 1 si SHS 0.03132. 


Except for the difference in the amount of time covered by 
the observations, this curve for the United States is strikingly 
like that of Sweden. The effect which might have been sup- 
posed to appear of “waves of immigration” is most con- 
spicuous by its absence. The reason is that the sole effect of 
the net immigration (that is, number of immigrants less num- 
ber of emigrants) has been somewhat to steepen the general 
upward slope of the United States curve, without either alter- 
ing its fundamental shape or putting irregular waves in its 
course. It is the normal, natural increase — the steady excess 
of births over deaths — which fundamentally determines the 
form of the population growth curve. When any country has 
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Fic. 6. The population growth of the United States. 
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a population which is absolutely so large as that of the United 
States, any normal amount of immigration will not sensibly 
alter the course of population growth. This curious fact was 
long ago pointed out by Benjamin Franklin: 
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“The importation of foreigners into a country that has as 
many inhabitants as the present employment and provisions 
for subsistence will bear, will be in the end no increase of 
people. ... Nor is it necessary to bring in foreigners to 
fill up any occasional vacancy in a country; for such a 
vacancy (if the laws are good), will soon be filled by natural 
generation.” 

The French furnish the world’s best example of the benefits 
(or evils, as you like) of a nearly stationary population. Some 
of them worry about it, others apparently rejoice. At the 
moment any candidate for political preferment in that country 
is likely to be called upon to state whether he is for or against 
babies, just as in America he is confronted with the awkward 
necessity of declaring himself wet or dry, or evolutionist or 
fundamentalist. 

The known population history of France is depicted in 
Fig. 7, the small circles again giving the actual census counts, 
and the smooth curve the fitted mathematical equation. The 
data for Fig. 7 are set forth in Appendix Table 7. The equa- 
tion of the logistic curve for France is 


35.975 (vii) 
1 + 0.808 ¢ 0-012 


Again we see that, in spite of the fact that all the observed 
facts (census counts) for France lie at the other end of the 
growth cycle, still the growth has evidently followed, during 
the epoch or cycle in which it now is, the same basic law as 
that of Sweden and the United States. 

It begins clearly to appear that the seemingly irrelevant 
matter about yeast and rats did have some real significance 
for the human population problem. We have seen that the 
populations of three countries have followed during their 
period of recorded census history the same law of growth as 
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a simple population of yeast cells. In the book “Studies in 
Human Biology” (27) already referred to, it is shown that 
the same thing is true of the known population growth of 
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Austria, Belgium, Denmark, England and Wales, Hungary, 
Italy, Norway, Scotland, Servia, Japan, Java, Philippine 
Islands, the world as a whole, and Baltimore City. 
In all of these cases of human population which have been 
found to be amenable to description by the general curve, 
ead ee (viii) 


1teattae?ta, x apn x 


ore ee vee 


the observed population counts cover only a part of the whole 
range of one cycle of growth. In some countries, as the United 
States, or England and Wales, it is the earlier part of the 
cycle for which observations exist. In France it is the late 
part of the cycle. Sweden comes the nearest of any human 
population considered up to this time to having observations 
over the whole cycle. A justifiable inference from all the 
evidence is that if we had census records over a sufficiently 
long period of time the theoretical curve would describe human 
population growth throughout the whole cycle as accurately 
as it does that of yeast. This remains an inference, however, 
until a human population presents itself having census records 
covering an entire cycle of growth. In Chapter III of this 
book just such a case is described. 

In the meantime Fig. 8 is of interest. In this diagram, 
which is due to the ingenuity of the distinguished English 
statistician Mr. G. Udny Yule (86), the census data of the 
three countries England and Wales, the United States, and 
France have been combined together and a logistic curve fitted 
by (a) taking the point of inflection of the theoretical curve 
as origin, (b) taking the limiting population as the unit of 
numbers, and (c) taking the standard interval as the unit of 
time. What the diagram shows is that the recorded census 
histories of these three countries really fall upon different 
parts of the whole cycle of population growth, but wherever 
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they fall they follow the course of the theoretical curve at that 
part of the cycle with great precision. As Yule rightly em- 
phasizes, caution must be exercised against drawing unwar- 
ranted conclusions from this Fig. 8. What is really wanted is 
the census history of the same human population throughout 
a growth cycle, and precisely this case will be discussed in 
Chapter III. 


on, 


Populati 
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Fic. 8. The population of the United States (1790-1920), England and 
Wales (1801-1921), and France, including Alsace-Lorraine (1801-1911) fitted 
to the same logistic drawn to the standard time scale. (From Yule). 


In the face of the considerable evidence now at hand, which 
could be still further multiplied, it is irresistably borne in upon 
one that all the complexities of human behavior, social organ- 
ization, economic structure, and political activity, seem to 
alter much less than would have been expected the results of 
the operation of those biological forces which basically deter- 
mine the course of the growth of populations of men, as well 
as those of yeast cells and, as will be seen in Chapter II, flies. 
The half-pint universe of the laboratory Drosophila, in its 
quiet incubator, is without doubt a simpler world than that in 
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which we carry on, but in both the great realities of birth and 
death are much the same. And it is these that count. 


IV 


In all the cases so far considered it is apparent that we have 
been dealing with growth in a single cycle or epoch. But 
obviously such a scheme does not encompass the whole history 
of population. Man has passed through a series of cultural 
epochs in the short period of his known history. Every ad- 
vance from a lower to a higher civilization, using civilization 
as a descriptive term for man’s attained power to derive from 
his physical environment things conducive to his comfort and 
pleasure, has increased the potentialities of population growth 
in a given area. In the hunting stage of civilization a very 
wide area was required to support a given human population. 
In the agricultural stage the same area could easily support 
many more people. 

So then what probably happened in regard to population 
growth was that during each successive broad cultural epoch 
in the history of mankind the population within a given area 
grew according to our stretched-out S shaped curve. But 
when, owing to discoveries and consequent changes of habits, 
a new cultural stage was entered upon, a new cycle of pop- 
ulation growth was also begun, starting from a base line 
of the already attained population at the end of the old 
epoch. 

Unfortunately systematic census taking is such a relatively 
modern enterprise that it is impossible, except in a few cases, 
to get definite proof that such a process as that outlined occurs 
in population growth. In two cases, however, a rather sharp 
passage of a nation from the predominantly agricultural to the 
predominantly industrial forms of civilization has occurred 
within recent historical times. These are Germany and Japan. 
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We can take the space only to discuss briefly the growth of 
Germany’s population. 

Fifteen years before the Franco-Prussian War, Germany, 
which was still predominantly in the agricultural stage of 
civilization, was experiencing a slowing rate of population 
growth, such as is characteristic of the latter half of any single 
cycle of growth. During the next twenty years she made an 
enormous industrial development and, indeed, passed definitely 
into that stage of culture. Her population began to grow at 
the increasingly rapid time rate which is characteristic of the 
first half of any single cycle of growth. The facts regarding 
population are shown in Fig. 9. The data from which this 
diagram is plotted are given in Appendix Table 8. 

The two smooth curves are single cycle growth curves iden- 
tical in mathematical type with the curve which we have seen 
to describe so successfully the growth of the populations of 
Sweden, the United States, and France. Welded together these 
two single cycle curves fit with the nicest precision the com- 
plicated, wiggling line presented by Germany’s observed popu- 
Jation history (represented by the small circles). 

The equations to the two single cycle curves are as follows: 


34 036 


For the period up to 1855, y = 10.109 + ————————_—_ 
: : es 1 + 2.495 ¢~ 008% 


(ix) 
82.944 


From 1855 on, ya 33587 or 
1 -£ 297.546. 1 


(x) 

The moral of this case plainly is that even when human 
social evolution does manage to put a kink in the curve of 
population growth, it has not done it by altering any biological 
law. It merely shifts, by a greater or smaller amount, the 
absolute base from which the law operates. Then the process 
goes on as before. 
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Vv 


In the matter of population growth there not only “ ought 
to be a law” but six years of research has plainly shown that 
there is one. This is not the place for recondite statements in 
mathematical shorthand, but fortunately it is possible to state 
the law of population growth in plain language, without resort 
to mathematical symbols. It may be put in this way: 

Growth occurs in cycles. Within one and the same cycle, 
and in a spatially limited area or universe, growth in the first 
half of the cycle starts slowly but the absolute increment per 
unit of time increases steadily until the mid-point of the cycle 
is reached. After that point the increment per unit of time 
becomes steadily smaller until the end of the cycle. In a 
spatially limited universe the amount of increase which occurs 
in any particular unit of time, at any point of the single cycle 
of growth, is proportional to two things, viz: (a) the absolute 
size already attained at the beginning of the unit interval 
under consideration, and (b) the amount still unused or un- 
expended in the given universe (or area) of actual and poten- 
tial resources for the support of growth. 

The latter element (b) wants a little further explaining. 
In the case of human population growth the unused and un- 
exploited store of resources for subsistence will include such 
things as the amount of agricultural land still untilled, or not 
cultivated to the maximum of productivity. New discoveries 
of improved agricultural methods, or of chemical methods of 
making food synthetically, will at once increase the importance 
of this factor in the case. The result will be either to move 
up somewhat the upper limiting value of the population attain- 
able in the current cycle of growth, or, if the potential addi- 
tion is larger, to start the population off upon a new cycle of 
growth. Factor (b), in the case of human population may 
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also mean such things as the potential development of trans- 
portation, power resources, etc. In fact, it was the unexpected 
development of just such things as these, making possible the 
birth and growth of large scale industrialism, which upset 
Malthus’s calculations as to the time when population satura- 
tion would make its effects uncomfortably felt. In the case 
of a simple experimental population like that of yeast cells the 
(b) element means practically the still unused amount of sugar 
and salts remaining in the given limited volume of solution in 
which the cells are growing. Its value can be quantitatively 
determined in this simple case, by chemical analysis of the 
solution at successive stages of the growth cycle. For obvious 
reasons it cannot be accurately measured in the case of human 
populations. In the case of the growth in size of a single 
individual organism, like the white rat earlier discussed, the 
meaning of this factor (b) is somewhat more difficult to define. 
It probably signifies the still remaining potentiality of the 
system of mutually inter-dependent cells and organs to ex- 
pand in space without losing effective biological touch with 
each other. Just as in the case of human population it has 
been found possible, by appropriate procedures, to move to a 
higher level the upper limit to the growth in size of an indi- 
vidual organism within a single cycle. I refer to such matters 
as the influence of endocrine secretions upon growth. This, 
however, takes us into a large and important field of experi- 
mental biology, which cannot be discussed here. 

Having got some insight into the underlying law according 
to which population growth occurs, and having found that this 
is of a sort capable of mathematical expression, we are able 
to approach the general problem of population along several 
pathways not previously open. We can, for example, upon a 
more adequate scientific basis than mere guess-work, predict 
future populations, or estimate past populations, outside the 
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range of known census counts. This has been done in the dia- 
grams presented earlier. The theoretical curve which is be- 
lieved to express the law of population growth has been 
extended, in each of the diagrams for human population, in 
the form of dotted lines, to the ends of the current cycle of 
growth. These dotted lines represent the probable future (and 
past) populations on the assumption, be it clearly understood, 
that no fundamental alteration in factor (b), as stated above 
in the definition of the law, occurs prior to the completion of 
the present cycle of growth. If such alteration does occur, 
then the predictions based upon the absence of such altera- 
tions during the past history of the present cycle, obviously 
become worthless. The whole case has to be reconsidered in 
the light of the changed conditions. But if no such alterations 
occur before the completion of the present cycle of growth, 
the maximum population, in this cycle, of the several countries 
discussed will presumably be, in round numbers, about as 
follows: 


Sweden ms stes oe anions 7.9 millions 
Winited BStateSuee. i renee 197.3 ee 
IF rancel eerste eit eee eee 42.6 ee 


Undue absolute weight is not to be given these predictions. 
It is extremely probable, I should think, that events like 
scientific disceveries, military conquest, etc., will alter factors 
(b) for nearly or quite every country in the world during the 
next hundred years say. The figures really express what the 
probable future populations would be if the conditions of 
the nineteenth century were to remain permanently unaltered. 
For the next ten or twenty years in the future the predictions 
given by the curves are undoubtedly highly accurate in most 
cases. But longer range predictions could be taken seriously 
only by someone who denies the fact of any and all evolution. 
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THE GROWTH OF EXPERIMENTAL 
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I 


In the preceding chapter it was shown that the growth of one 
of the simplest populations conceivable from a_ biological 
standpoint, one made up of individuals of the unicellular plant 
Saccharomyces commonly called yeast, followed with remark- 
able exactness the logistic curve. The simplicity of the case 
is in respect of several particulars. In the first place the 
individuals composing a population of yeast are each a single 
cell, microscopic in size, and but little differentiated. In the 
second place their environment is relatively simple and homo- 
geneous. They live in a solution, which is not merely their 
environing and supporting medium, but also their food. Their 
life is in some part what ours would be if all the food neces- 
sary for our existence were derivable from the air which sur- 
rounds us, and if this food were taken from the air by our 
bodies by purely chemical means, without knowledge or effort 
on our part. In actual fact, of course the environment of any 
terrestrial animal is a much more complex and heterogeneous 
matter than is that of the yeast. There intervenes a soil- 
plant cycle between the animal which must have food and the 
inorganic world (see Lotka 157 for a detailed discussion of 
this and related cycles). Food has to be sought, and in the 
case of some animals, notably the highest, cultivated, if popu- 
lation is to make any considerable growth. The distance be- 
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tween an experimental population of yeast and any human 
population whatever, is biologically great. 

Let us therefore take an intermediate step and examine 
experimentally the growth of population in the case of a multi- 
cellular animal, much higher than yeast in the biological scale, 
but still a great deal lower than man. For this purpose a 
suitable creature is the fruit-fly, or as it is sometimes called 
the vinegar fly, Drosophila melanogaster. It is the small fly, 
which looks to casual observation much like a diminutive re- 
plica of the common house fly, and is seen in swarms around 
decaying or fermenting fruit, or liquids like cider and vinegar 
made from fruit and left freely exposed to the air. Its suita- 
bility for laboratory experimentation arises from several con- 
siderations. In the first place it breeds rapidly and its life 
cycle is short. A female fly lays a good many eggs: under 
suitable conditions from 25 up to 40 or 50 a day for a period 
of at least 10 days. These eggs hatch in from 24 to 48 hours 
into little larvae or maggots, which squirm around in and feed 
upon the decaying vegetable material in which they are laid, 
for. three or four days. They then seek a dry spot, settle 
down and transform into the next stage in which they have 
their being, the pupal. From each pupa emerges in about four 
or five days a fully formed adult fly or imago, which promptly 
mates and, if 2 female, starts laying eggs in from 12 to 24 
hours. So then a whole generation, from adult (imaginal) 
parent to adult (imaginal) offspring occupies, on the average 
and under suitable conditions of food and temperature, only 
about 10 or 11 days. 

A second advantage of Drosophila for experimentation lies 
in the relatively simple and easily standardized husbandry 
which suffices to meet its needs. The flies may be satisfac- 
torily grown in ordinary half-pint milk bottles, stoppered with 
a loosely packed wad of cotton wool, like a bacterial culture 
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tube. The bottom of the bottle to the depth of three quarters 
of an inch is covered with a sort of gelatinized banana pudding 
of standardized composition. 

The food base used in the experiments to be described was 
made as follows: 

To each 100 c.c. of water 2 grams of agar-agar are added. 
The agar and water are boiled until the agar is thoroughly 
dissolved. To each 100 c.c. of this solution are added 100 
grams of ripe peeled mashed bananas. The whole is then 
boiled five minutes, and poured into bottles which have been 
well heated in oven (or sterilized in an autoclav). In the 
bottles for population growth a layer 3 inch deep was initially 
poured. When the food has partly cooled there is sprinkled 
on top the smallest possible amount of pulverized dry yeast 
(shaken from a can with one pin hole in cover). 

On this banana-agar medium the eggs are laid. The larvae 
burrow about in and at the same time grow fat upon the nour- 
ishing jelly. On the surface of the banana jelly a luxuriant 
growth of yeast develops. This yeast serves as the principal 
food of the adult flies which emerge from the pupae. 

Such a bottle is a dipteran microcosm, a spatially limited 
but well equipped universe. The banana jelly is the tillable 
soil, the agricultural land from which comes the plant food 
(yeast) which enables the animal population (the flies) to 
complete its cycle. The larvae are in some sense the tillers 
of the soil. They plough about in the jelly, ever more deeply 
and thoroughly seeding it with yeast cells. 

Suppose now that we put into such a half-pint universe of 
fresh virgin soil, and all clean and new, a family of flies. Let 
us make the family consist of several individuals: Adam and 
Eve, a few young children (larvae) and a few older children 
(pupae). Then let us watch nature take her accustomed 
course. In due time more children will be born, since mére 
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and pére are no slackers in the chiefest of biological duties and 
privileges. Some will die. Others will grow up and have 
offspring of their own. Ultimately the old folks will pass 
away, but not before there has accumulated around them a 
great crowd of their descendants of several generations. In 
short a population will have grown in this little universe. 

The appearance of the experimental bottles at different 
stages in an experiment on population growth is shown in 
Fig. 10. Bottle A shows the condition at the start. The 
banana-agar jelly at the bottom has on its surface a luxuriant 
growth of yeast, ready to serve as food for the flies. Bottle B 
shows a later stage where the population has greatly increased, 
as may be seen from the numerous pupa cases on the side of 
the bottle. Finally bottle C shows a late stage where the 
food resources of the half-pint cosmos are nearing exhaus- 
tion. 

For this qualitative picture of the course of events, we may 
substitute an exact quantitative one by the simple expedient 
of taking a census of the population at frequent intervals, 
say-every second or third day. The manner in which the 
census is taken is important. It must be so managed that the 
individual flies can be accurately counted and at the same 
time not injured in any way, nor removed more than tempo- 
rarily from their snug half-pint universe. The method worked 
out for doing this (87) is as follows. First we had a glass 
blower construct the device shown in Fig. 11, called a counting 
tube. 

When it is desired to count the number of flies in a bottle 
the small aperture a is temporarily plugged with a bit of cotton 
wool, the plunger P is removed from the tube and all the 
flies in the particular half-pint universe are shaken into the 
counting tube by inverting the open bottle containing them 
over the funnel mouth of the counting tube. Then the plunger 
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is inserted and gently moved forward to concentrate the flies 
in the lower end. Then the counting tube with enough cotton 
around it to close up the mouth of the bottle is inserted into 
the bottle into which it is desired to place the counted flies 


Fic. 11. Diagram showing construction of Drosophila counting tube. The 
aperture at a is just large enough to allow one fly to pass through at a time. 
The essential dimensions are as follows: length over all 25 cm., diameter of 
main tube 2 cm., diameter of funnel mouth 6 cm. 


(in this case the same bottle from which they originally came) 
and the plug removed from the aperture a by pulling the 
thread attached to it. Then as the flies come out of the tube, 
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one by one, through the aperture a, they are counted as they 
pass this point, with the aid of a tally register, such as is used 
by doorkeepers at theaters. The plunger is gently moved for- 
ward as necessary to keep up an even flow of flies through the 
mouth of the tube. The whole process takes but a short time, 
is exact, and can be repeated as often as one likes. ~ 


II 


There are several ways in which an experiment on the 
growth of a Drosophila population can be carried out. Some 
of these ways differ in principle in a manner that is of impor- 
tance in determining the kind of result obtained. Before dis- 
cussing the actual experiments it will be well to examine with 
some care the theoretical considerations involved. 

To take the simplest case first it is apparent that if we set 
up an experiment in the manner described above, and there- 
after literally do nothing further except to let nature take its 
course and count the flies at intervals, something like the 
- following will happen. The adult flies will eat the yeast, and 
the larvae will eat the banana-agar substratum. The animals 
(flies) will outrun the means of subsistence (yeast and banana- 
agar), since there is at the start no limitation on the number 
of animals, and a very distinct limitation on the means of 
subsistence, imposed by the size of the universe. If no food 
is added from the outside a point is fairly soon reached when 
the adult flies will literally have eaten up all the yeast in their 
universe. There remains then but one thing left for them to 
do, which is to starve to death. This they rather promptly 
do. Presently some new adults hatch out from the larvae and 
pupae produced from eggs laid while there was yet some food 
left for the adults. But these new adults starve to death 
because the universe into which they were born has none of 
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their kind of food. So presently the bottle becomes an empty, 
burned-out universe, incapable any more of supporting any 
population at all. 

1f during this process census counts are made of the popu- 
lation what is found is that the population grows for rather 
more than one-half a complete cycle of the logistic curve; 
and then quite suddenly after the critical point of balance be- 
tween population and food supply is passed begins to decline, 
and finally disappears completely. 

This experimental picture corresponds in its latter part to 
what would happen to a human population, such as that of 
the United States say, if it were suddenly confronted with 
the situation that not a single scrap of human food could 
thereafter be either produced or imported. When the stock 
on hand was all eaten up people would promptly begin to 
starve to death. Very presently the human population would 
simply not exist at all. 

But obviously such an experiment does not parallel at all 
the actual situation regarding human populations. The world’s 
farmers are always producing more food. Perhaps, as Mal- 
thus and others down to East have pointed out, the rate of 
production of food is not as rapid as the rate at which human 
beings have young. But at no time has the production of 
food entirely and permanently ceased. If it had, none of us 
would be here. So then, while we have carried out in the 
laboratory, and will later publish the results of, experiments 
planned like the above to study the growth and decay of fly 
populations in the absence of added food, they have no per- 
tinent bearing upon the present discussion, and will therefore 
not be considered here. 

The type of experiment which is of interest in the present 
connection is one in which the annual addition to the world’s 
human food supply, which the harvest brings in, will be 
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imitated as closely as possible in the half-pint bottle. In 
practice it is extremely difficult to imitate successfully this 
condition in the experimental bottles. If new food (banana- 
agar) is poured on the top of the old and allowed to harden 
some undesired alterations are made in the situation. The 
larvae are buried and have to work their way up through the 
added food. Also the total thickness of the food at the bot- 
tom of the bottle is increased by these additions and en- 
croaches more and more upon the air space left for the flies 
in the rest of the bottle. Finally, the old, worn-out, and ulti- 
mately decaying food at the bottom is not removed by this 
additive procedure, and eventually it stops by its presence the 
continuation of the experiment. However, by adding new 
food skillfully and in small amounts it is possible to carry 
an experiment through to completion of the population growth 
cycle by this method. In the experiments which follow this 
was in fact the method used. 

Another practical difficulty in these experiments arises out 
of the fact that during the first 10-12 days of an experiment 
no increase in the adult, countable population occurs, and 
then at the end of that period there is a sudden jump up- 
wards in the number of imagoes. This happens, of course, 
because the duration of a generation from egg to egg is 10- 
12 days. If one starts with two flies, a male and female, their 
progeny which will make the first increase in the population 
do not emerge as adults (and therefore countable) until 
about 11 days after the start. In the intervening period the 
population of imagoes stays constant at two. Of course the 
way to meet this difficulty is to introduce at the beginning not 
merely adults, but also some larvae and pupae of different ages 
so as to get overlapping of generations as soon as possible. 
It is difficult in practice to get in these young in just the right 
proportions to make the curve go along smoothly at the very 
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start. On this account the experimental results shown in 
the next section are generally somewhat irregular at the start 
of the curve. 

II 


In this section will be presented the results of some typical 
experiments which have been made in my laboratory on the 
growth of Drosophila populations. The experiments have been 
repeated and always with similar results, provided the food 
conditions are properly managed. 

The first experiment, the results of which are shown graphic- 
ally in Fig. 12, and numerically in Appendix Table 9, is the 
averaged result of two half-pint bottles. Each bottle was 
started on the same day with two adult wild type flies (one 
male and one female). A small amount of food was added 
when the census counts were made beginning April 26. In 
this, and all the other experiments the bottles were kept in 
electric incubators at a constant temperature of 25° centigrade 
throughout the course of the experiment. 

The observations (average of bottles 1 and 2) were fitted 
with a logistic curve, of which the equation is 
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Bites 1p e450 —0m2 (xi) 
in which y denotes population and x time in days. 

It is obvious both from Fig. 12 and Appendix Table 9, that 
the observed growth of this fly population is, on the whole, 
accurately described by equation (xi). The only serious dis- 
crepancy is in respect of the early observations (April 21 and 
23). Here the curve lies distinctly above the observations. 
This, however, arises from the fact that the bottles were 
Started with only one pair of adult flies, and on the two dates 
mentioned we are dealing solely, in the observation, with the 
children of the two original parents. None of the grand- 
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children have yet emerged. We are in short seeing at these 
early dates only family, and not population growth; and since 
we count only adults (imagoes) in the censuses taken, we have 
only a part of the family growth. From April 26 on overlap- 
ping of generations has begun and we get true population 
growth. 

Let us next examine the effect of starting with an initial 
“seed” or pioneer population somewhat larger in size and of 
a varied age composition, and also of establishing them in a 
larger universe. Experiment 7 was carried out in a pint milk 
bottle instead of a half-pint. The initial pioneer population 
with which the experiment started was made up as follows: 

2 males, 1 female, each 1 day old 

3 males, 3 females, each 12 days old 

4 males, 4 females, each 30 days old 

2 males, 2 females, each 55 days old 

1 female, 95 days old. 

This makes a total of 22 adult flies (imagoes). In addition 
there were placed in the bottle at the start 12 pupae, and a 
small number each of eggs and of larvae. The number of the 
latter stages was not exactly determined but was known to 
be small. All the population was of the normal wild type 
Drosophila. 

The results are shown graphically in Fig. 13, and numeri- 
cally in Appendix Table 10. 

The smooth curve in Fig. 13 is the graph of equation (xii) 
which also furnishes the calculated values in the last column 
of Table 10. 


1035 ve 
y= ——__—_——— (xii) 
is 6 42h Oii2 
It is evident again that the logistic curve describes the 


growth of this experimental population in a satisfactory man- 
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ner. Furthermore it is apparent that the stocking of the bottle 
with a pioneer population in which various ages were repre- 
sented had the anticipated result of smoothing considerably 
the census counts in the early portion of the population growth. 
Unfortunately the observations did not reach quite to the 
upper asymptote predicted by the theoretical curve. The 
reason for this is a purely practical one. After January 10 
the food became unmanageable. The agar jelly softens after 
a time and becomes loosened from the walls of the bottle. 
The result is that the whole mass of food slides about when 
the flies are transferred to the counting tube, many flies are 
killed mechanically, and in general it becomes impossible to 
goon. The observations in this case, however, extend over so 
large a portion of the whole range of the theoretical curve 
as to leave no doubt that this curve represents the law accord- 
ing to which the fly population is growing. 

Let us consider a third and final example of the growth of 
an experimental Drosophila population. This time the ma- 
terial consisted of another type of Drosophila, namely a mu- 
tant form Quintuple which differs from the normal wild type 
fly with which we have dealt in the previous experiments in 
that it carries the mutant form of five unit characters, instead 
of the normal form found in the wild flies. Of these five 
mutations the only one of importance in the present connection 
is that involving the wings, and called vestigial. This muta- 
tion is described by Morgan and Bridges (88). In flies carry- 
ing this mutant gene the wings are reduced to mere vestiges of 
their normal condition, as shown in Fig. 14. In consequence 
of this reduction in the wings these flies are incapable of 
flight. They move about by walking and jumping in the man- 
ner of fleas. Associated with the presence of this mutant gene 
are also a reduced fecundity and fertility, and a much short- 
ened duration of life, as compared with the wild type fly (cf. 
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Pearl, Parker and Gonzalez (89), Pearl and Parker (90), 
and Gonzalez, (91)). 

In this experiment a pint milk bottle was started on October 
6 with an initial population of quintuple flies made up as 
follows: 
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Fic. 14. A. Normal wing of wild type Drosophila melanogaster. 
B.  Vestigial wing. Both magnified equally to X 42.5. (Drawn by 
Miss Maria Wishart). 


2 males each 15 days old 

1 male and 3 females each 2 days old 

12 pupae, and a small number of eggs and larvae. 

The results are shown graphically in Fig. 15 and numerically 
in Appendix Table 11. The equation of the smooth curve is 


x 346.14 Ry 
*; 1 + ¢ 5:34 — 0.222 
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Except for the last two observations at the upper end of 
the curve the agreement again is satisfactory between theory 
and observation. The trouble here, as before, was that the 
food was getting out of control, and after November 7, it 
became impossible to continue the experiment. 

Taking all the evidence together, which might be multiplied 
from the laboratory records, it may fairly be taken to be 
demonstrated, I think, that the fly Drosophila in its population 
growth under controlled experimental conditions follows the 
logistic curve. 


IV 


There are certain points in regard to the evidence presented 
in the preceding section which want further discussion. In 
the first place it is to be noted that doubling the size of an 
experimental universe does not exactly double the size of the 
asymptotic or maximum population which will develop in it. 
Thus, for wild type flies in half-pint bottles the upper limiting 
population from equation (xi) is 212, while for the same kind 
of flies, and with ali other environmental conditions the same 
except that the size of the universe is doubled by using a pint 
bottle, the upper limiting population from equation (xii) is 
1035. In other words the maximum population is nearly five 
times as large, instead of twice, in the pint bottle as it is in 
the half-pint. The actual amount of free air space available, 
after allowing for the space occupied by the food and the 
cotton stoppers is on the average for the half-pint bottles 167 
c.c. and for the pint bottles 375 c.c. Thus while the latter 
fly universe has a little more than twice as much free air space 
as the former, it has nothing approaching five times as much. 

If the surface area of the food, namely the area on which the 
adult flies can find yeast to eat, be considered, the facts are 
that in the half-pint bottles 24.2 square cm. of food area are 
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available, and 39.6 square cm. in the pint bottles. In this 
respect the case is obviously worse. The ratio of the larger 
to the smaller universe is not even so great as two. 
Let us look at the matter in still another way. The density 
of the fly population at any time may be defined as 
d= i (xiv) 


v 


where d denotes density, v the volume of the effective free 
space in the universe measured in cubic centimeters, and N the 
number of flies in the universe at the time. Equation (xiv) 
will then state the average number of flies in each cubic. 
centimeter of free space in the universe. 

Then for the asymptotic populations given by equations 
(xi) and (xii) we have 


For half-pint bottle, d = a = 1.27 flies per c.c. 
(xv) 
; 1035 : 
For pint bottle, d= 375 = 2.76 flies per c.c. 


These results at once put a new complexion on the matter, 
as will be apparent if we compare certain ratios as follows: 


Density of asymptotic population in pint bottle 20m 22 
Density of asymptotic population in half-pint bottle 1.27. ~~ : 

(xvi) 
Total free space in pint bottle Si Oe 
Total free space in half-pint bottle ~ L6ieeee 


Or, as the event turns out, we may state the result expressed 
by (xvi) in this way: that so far as these experiments indicate, 
the density of the asymptotic population varies directly as 
the volume of the universe. But this obviously means that in 
these experiments the absolute size of the asymptotic popula- 
tion varies as the square of the volume of the universe in which 
it grows. 
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Thus in the present case if we call the available free volume 
of the half-pint universe 1, that of the pint universe is 2.2455. 
We then have for the expected number of flies in the pint 
universe at the completion of the cycle of growth 


212 x (2.2455)? = 1069 flies 


The corresponding asymptotic number from equation (xii) 
is 1035. The approximation is certainly close, considering all 
the experimental difficulties involved. 

It must be remembered that the precise mathematical rela- 
tionship between the size of the maximum or asymptotic popu- 
lation and the volume of the universe stated above is deduced 
from only two series of experiments and may not hold in just 
this form over a wider range of volumes. It is also important 
to remember that in these experiments essentially all other con- 
ditions were held constant except the volume of the container. 
In particular the flies were of the same sort genetically, or 
racially, throughout. Furthermore, food, temperature, and 
other environmental factors except volume of universe were 
the same in both series. None of these conditions are realized 
when two human populations are compared, as for example the 
population of France and that of the United States. The 
people who make up these populations are racially different 
and have genetically different fertility rates. Furthermore 
virtually all the environmental conditions are different in the 
two countries. For such reasons as these it is not to be ex- 
pected that the simple numerical relationship between size 
of asymptotic population and size of universe which holds 
in the experimental Drosophila populations here dealt with 
will be valid for human populations in countries of different 
sizes. 

The work on experimental populations of Drosophila is 
being continued and it is expected that later reports will deal 
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in detail with various quantitative aspects of the matter which 
cannot be gone into here. 

The second point which I wish to make regarding these 
experimental Drosophila populations is that they demonstrate 
the importance of the fact alluded to above that racial differ- 
ences have much to do with determining the rate of growth of 
populations and the final asymptotes approached. Thus if 
equation (xiii) be compared with (xii) it is seen that the 
asymptotic or maximum population is 346.14 in the former 
case and 1035 in the latter. Yet the experiments were in 
every respect identical except that in the former case the flies 
were quintuple mutants and in the latter of the normal wild 
type. 

The asymptotic density indicated from equation (xiii) is 

346.14 


d= 375. = 0.92 fly per c.c. (xvii) 


This is exactly one-third only of the asymptotic density of 
2.76 flies per c.c. found for wild type flies under the same 
experimental conditions in equation (xv). This result simply 
reflects the known lower fecundity and fertility and the higher 
mortality rate of Quintuple as compared with wild type flies. 

It seems to me highly probable that this factor of differences 
between different countries in respect of the genetic constitu- 
tion of their inhabitants is an extremely important one in bring- 
ing about the observed differences in density of human popula- 
tions at corresponding points in their cycles of growth. 

At this point we may leave for the present the consideration 
of experimental populations and turn to human material. 
Later in the book we shall come back again to Drosophila for 
further pertinent data. 


44 


CHAPTER III 


THE INDIGENOUS NATIVE POPULATION 
OF ALGERIA 


I 


It is generally difficult, to a degree nearing impossibility, to 
approach some of the most significant problems of human 
biology analytically. In countries where there are sharp and 
real discontinuities in the racial composition of the population 
(with associated wide differences in mores) the statistical 
records are usually fragmentary or unreliable or both. On 
the other hand, in countries where the official statistics are 
respectable there is usually found such a degree of homo- 
geneity in the social structure and mores at least, or the 
differentiations in these respects and in race are in such a 
state of entanglement or of flux, as to make anything approach- 
ing conclusive analysis impossible. In short it appears that in 
most cases where Nature has staged a reasonably simple ex- 
periment in human biology man has neglected to take adequate 
records about it, and commonly where detailed and tolerably 
accurate records are kept the general mise en scéne is far 
from that of a simple experiment. 

In this situation any case which offers both adequate records 
and clean-cut racial and social discontinuities on a scale of 
respectable statistical magnitude is worthy of careful con- 
sideration. Something approaching such a case seems to be 
presented by Algeria. My attention was first directed to this 
fact by a recent memoir of Bunle (1). He has given an ex- 
tremely thorough and comprehensive résumé of the recent 
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demographic statistics of Algeria, Tunisia, and French 
Morocco. Certain of the data had such an obviously pertinent 
bearing upon the problem with which this book has to do 
that I was led to look further into the history, ethnology and 
statistics of Algeria, with the results set forth in this and the 
following chapters. 


II 


As everybody knows, Algeria has been since about 1830 
under the dominion of the French. This control became overt 
about the middle of the nineteenth century. Warren (34, p. 
159) says on this point: ‘‘ Constantine fell in 1848. Then 
France who up till then had waived aside the questions of 
other powers as to her intentions, openly declared Algeria 
French territory, and with ‘ hands off! ’ gesture to the world, 
continued her conquest and colonization of what is now a most 
valuable and prosperous dependency.” Algeria is divided 
naturally, and since 1906 administratively, into two parts; the 
Territoires du Nord, with an area of 207,915 square kilometers 
and a total population in 1921 of 5,258,000, giving a density of 
25 persons per square kilometer, and the Territoires du Sud, 
with an area of 367,596 square kilometers and a total popula- 
tion in 1921 of 548,000, with a density of 1.5 persons per 
square kilometer. The latter portion is mainly desert. 

Bunle (1) gives a detailed account of the methods of census 
enumeration employed in recent times in Algeria. They are 
essentially the same as those used in Paris and France, with 
such minor modifications as the environmental and _ social 
peculiarities of the country entail. It appears from his account 
as well as from other evidence (cf. for example 2-5) that, 
except in the Territoires du Sud, the degree of accuracy of the 
census returns during the last 40 years or so is of approxi- 
mately the same order as that in France itself. Even in the 
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desert country of the Sud a carefully worked out administra- 
tive machinery is in operation, and probably secures at the 
present time results nearly or quite as accurate as those in the 
tnore remote rural parts of our own southern and western 
states. 

The constitution and growth of the population since 1901 
are shown in Table I (Bunle, loc. cit. p. 287) and (48, p. 16). 

This table is presented in part to furnish a general demo- 
graphic background for the discussion to follow. It also, 
however, introduces the first point of biological interest. This 
is in regard to the growth of the indigenous native population. 
We have here a case of natural population growth only very 
slightly affected by migration. This is demonstrated by the 
figures of Table II, condensed from one given by Bunle 
(p. 355). In this table are given the met migration figures 
for the total population, including both persons of European 
origin and indigenous natives. When the figure is plus it 
means that in that year immigration exceeded emigration; 
when it is minus the balance was on the side of emigration. 


The data include arrivals and departures both by sea and by 
land, 


TABLE II 

MicRATORY MovEeMENTS BETWEEN ALGERIA AND THE EXTERIOR. 
Year Net migrants Year Net inigrants 
1901 — 5,600 1908 + 6,800 
1902 — 13,500 1909 + 11,000 
1903 + 9,900 1910 + 600 
1904 — 1,400 1911 — 3,100 
1905 + 5,100 1912 + 15,000 
1906 + 8,900 1913 + 400 

| 1907 — 4,700 1914 — 53,900 


It is obvious that in a total population of between five and 
six millions such small net migratory movement as that indi- 
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cated in Table II is negligible. Furthermore it is plainly of 
about the magnitude which would be expected if it were com- 
posed chiefly of French. This appears in fact to have been 
the case until the war and post-war period. The growth of 
the native population may be regarded as not sensibly in- 
fluenced by migration. The greatly increased figure for 1914 
is due to mobilization of the French forces in France. 

The native population of Algeria is ethnically chiefly Arab 
and Berber. In 1911, 770 per thousand of the native French 
subjects were Arabs and Arabic speaking peoples (Arabo- 
phones in Bunle’s convenient terminology), and 230 per thou- 
sand were Berbers, Berberophones, Kabyles, Mozabites and 
Tuaregs. These different racial elements in the native popu- 
lation are widely and deeply different in many respects of 
psychology, social organization and mores, as well as in phys- 
ical structure and ethnic origin. A popular and at the same 
time accurate brief account of the customs of these people is 
given by Douglas (6). Fribourg (7) says (p. 41): “Les 
différences sont profondes entre l’Arabe et le Berbére. 
L’Arabe, en principle, est nomade.” The Berber, on the con- 
trary, and especially the Kabyle Berber, has a great attach- 
ment to the soil. This is shown statistically, in a not 
unhumorous manner, by the extent to which the Kabyles have 
bought back their land from French colonists, to whom it had 
either been given outright or sold at a low price by the govern- 
ment, following its expropriation from the original native 
inhabitants, as a part of the business of conquest. An interest- 
ing official table, showing the real estate transactions both 
ways between Europeans and natives for each year from 1880 
to 1921 inclusive, is given on page 32 of (5). Fribourg 
(7, p. 43) says of the Kabyles on this point: “In vain did the 
Administration confiscate their land following the revolt of 
1871. In vain did it establish colonists on the confiscated 
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property. ... Little by little and at any price the Kabyle 
has bought back from the European proprietors the land lost 
for a moment, just as he has bought back in the towns, as at 
Tizi-Ouzon for example, one by one, all the houses.” 

General references regarding the ethnic characteristics, 
customs, etc., of the native population of Algeria are (2), 
(4), (5), (8) to (26) inclusive, (50), (92) to (101) inclusive. 
Jones and Dow (146) give an excellent brief account of 
present conditions in Algeria. 

The data of Table I show that both the time rate of growth 
(increment per unit of time) and the percentage increase (per- 
centage, which increment in a given time interval is of the 
already attained population at the beginning ‘of the interval) 
of the native population of Algeria have been becoming pro- 
gressively smaller in the recent past. In fact this population 
presents precisely the picture of an approach to the end of an 
epoch or cycle of growth (27). This fact is of so much 
interest as to warrant more detailed study. The only other 
human population known to be in relatively the same position 
In the cycle, and at the same time having reliable census data 
available, is the population of France. The French are per- 
haps the most highly civilized people in the world. The indige- 
nous natives of Algeria are far from that. That both of these 
populations should be growing during the same recent and 
current time in about the same way is intriguing. 

Fortunately there are available more data on which to study 
the growth of this indigenous native population than are given 
in Table I. In Appendix Table 12 is presented the complete 
census history of this moiety of the Algerian population (28, 
48, p. 16). 

At this point a brief résumé of certain important occurrences 
in the history of Algeria is necesary. On this subject the 
sources of information chiefly consulted are, for the early 
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history, Boutroue (102), d’Estry (29), Labiche (4), Fisquet 
(103), Napoleon III (30), Yver (31), Morell (95), Cats 
(32), Thomas-Stanford (33), Lady Warren (34), Vaillant 
(35), Boudin (36), Lavion (23), and especially for the de- 
tailed military history of the French conquest Laurie (51), 
Galibert (52), and Piquet (104); for the more recent, and 
political history (8), (37), Devereux (16), Wickersham (38), 
Philebert (39), Cros (40), Bach-Hamba (41 and 42), Ducos 
(43), Piquet (3) and (100), and Estoublon’s and Lefébure’s 
“Code” (44), which besides the texts of the various statutes 
themselves, gives in the foot notes a mass of valuable historical 
material. 

For a long time prior to a few years before 1830 what is 
now Algeria had been at first actually, and later nominally 
under Turkish dominion. But for more than a century before 
this time the native inhabitants of this region pursued a course 
of self-determination in both internal and external affairs which 
was equally disconcerting to their nominal rulers the Turks, 
because of their refusal to submit to any but the most trifling 
overlordships, and to the rest of Europe because of the success- 
ful and persistent piracy they practiced on Mediterranean 
shipping. Various and sundry efforts were sporadically made 
by different European nations to persuade the rascals to be 
good, but all such attempts proved only ephemerally effectual. 
But in 1827 the Dey of Algiers slapped the French Consul’s 
face,’ and in 1829 the riotous populace fired on a French ship 
in the harbor of Algiers flying a flag of truce. These two 
events determined the French to take up the white man’s 
burden in Algeria in good earnest. It required nearly fifty 
years to get the load firmly settled on their shoulders, a prin- 
cipal obstacle being one Abd-el-Kadir, obviously and admit- 


1 There is much conflicting evidence in the literature as to how hard he 
slapped it. 
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tedly a man of very considerable parts. This whole period 
was one of intermittent and guerilla warfare, with a steady 
increase of the power of the French over the situation, pur- 
chased at a price in both French and native blood. 

Something of how dreadful was the price of empire paid by 
the French in these earlier years is shown by the figures of 
Table III, which relate to the army in Algeria. The data are 
from Boudin (36) p. 23. 


TABLE III 
DaTA ON THE FRENCH MitiTary FoRCES IN ALGERIA. 
1831-1851 
Admitted to Died in Killed 
Year Effective hospitals in hospitals of in 
Algeria Algeria battle 


105,469 
79,543 
76,118 


The natives had no pleasant time in the same period, accord- 
ing to a variety of testimony (cf. for example Yver (31) 
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passim for numerical data on native casualties). Boudin (36) 
quotes Bodichon (Rev. d’Orient, no. de juillet 1841, p. 40) ? 
to the following effect: ‘Sans violer les lois de la morale nous 
pourrons combattre nos ennemis africains par la poudre et le 
fer joints 4 la famine, les divisions intestines, la guerre, par 
Yeau-de-vie, la corruption et la disorganization.” That this 
program of conquest, of such a nette 100 per cent character, 
was productive of results is indicated by the following statis- 
tical fragment, again furnished by Boudin (36). He states 
that amongst the Mussulman population of the towns in 
Algeria then under French control the following facts pre- 
sented themselves. 


Births 


2439 


Doubtless the registration was not absolutely perfect, but 
Boudin was a careful vital statistician and much nearer the 
events themselves than we are, and thought the figures sub- 
stantially accurate. The larger figures of 1851 mean in part 
merely added towns in that year. Vital indices (cf. 27 Chap- 
ter VIII), or birth-death ratios, of the order of 27 per cent 
or even 43 per cent are not characteristic of a happy and 
contented people in a healthy and peaceful environment. In 
this case they are not to be explained by differences in effec- 
tiveness of registration of births and deaths. They are on the 
contrary a grim commentary on the business of conquest, how- 
ever one looks at them. Let it be hoped, however, that no one 
will draw an unwarranted conclusion respecting national ethics 


2 Original not seen by me. R. P. 
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or morals from what has been said. To avert such an intel- 
lectual faux pas I need only to direct the reader’s attention 
to other times and other places. Consider a time only 13 or 
14 years removed from these sad years 1850 and 1851 in 
Algeria, but later, and as locale nearly any of the cities of the 
southern part of the United States. Or again consider the 
city of Lille some 67 or 68 years later than the Algerian period 
under discussion. The fine points of General Bodichon’s 
formula have been well appreciated by more peoples than the 
French. This consideration does not make the figures cited 
less grim, but ought, certainly, to make all of us more 
charitable. 

By 1850 the essential work of conquest in Algeria had been 
accomplished. A wholesome respect for French authority had 
become quite widely established in the land, by a process akin 
to natural selection. There theoretically remained only mop- 
ping up and consolidation of the position to be accomplished. 
This, however, proved more troublesome than had been antici- 
pated, and, taking one with another, a good many more natives 
had to be eliminated before the survivors were reasonably 
unanimous in their belief that the old days had gone forever. 
That even so late as 1871 one could take a very gloomy view 
of the situation is indicated by the following statement made 
by General Ducrot (45) at about that time: 

“Tn Algeria the struggle between the conquerors and the 
natives is bound to be perpetual. No system which aims at 
fusion and assimilation of the natives has any chance of 
success. 

“Force alone can subdue the Arab nation, — and, at that, 
can one suppose that the French under conditions no more 
favorable, will succeed in an enterprise in which so many 
others, — Carthaginians, Romans, Spaniards — have failed? 

“ There is no chance, then, of obtaining rapid and complete 
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development of colonization by Europeans until complete sub- 
mission of the Arabs and Kabyles, —in other words, peace 
through solitude — has been obtained.” 

Regarding the psychology behind the insurrection of 1870- 
1871 a careful and temperate observer on the spot, Colonel 
Philebert (39) has the following to say (loc. cit. p. 7): 

“In the native population, perhaps more than anywhere 
else, seethe passions akin to those which were exploited at the 
end of the Paris commune. The news quickly spread in this 
valley that authority was disorganized, that what was supposed 
to be at the bottom had risen to the top, and that the moment 
was propitious for those whose sole tribute to law is fear 
and whose sole property consists of strong arms and keen 
desires.” 

These extremely pessimistic views were vigorously com- 
bated by Ducos (43) at the time, and subsequent events in 
the peaceful development of Algeria showed that Ducrot was 
wrong in his prophecy, even though right in his summing up 
of past conditions. By 1880 the country was definitely in a 
peaceful state, the natives had accepted the new social order, 
and on March 23, 1882 a law was passed giving a definite 
civil status of sorts to the indigenous native population. 

The bearing of the facts set forth in the above summary 
sketch upon the present purpose of studying the growth of the 
indigenous native population is as follows: The French, with 
characteristic systematic thoroughness began taking quinquen- 
nial censuses in 1856. But so far as concerned the native 
population it is clear that prior to the census of 1886 — the 
next following the establishment of civil status — the figures 
could at best be only estimates, and were in the nature of 
things likely to be underestimates. From 1882 on, as we have 
seen earlier in this chapter, there is every reason to suppose 
that the census enumerations of natives have been about as 
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accurate as counts of widely distributed primitive rural popu- 
lations in other parts of the world. The precise manner in 
which these earlier censuses were taken is indicated by the 
following account (37, p. 13): 

“Le dénombrement de la population a été opéré a la fin de 
1876: 
Nominativement, pour la population fixe des villes et des 
centres colonisés: 
Numériquement, pour lVarmée et la population “en bloc”; 
(on désigne sous le nom de population en bloc, le personnel 
des Etablissements ou sont réunis, temporairement, un certain 
nombre d’individus n’ayant pas dans la localité leur résidence 
municipale: prisons, hospices, lycées, colléges communaux, 
écoles spéciales, pensionnats, séminaires, communautés reli- 
gieuses, etc., etc.): 
Sommairement: c’est-a-dire par tentes et par douars, pour les 
tribus indigenes comprises en territoires de commandement. 
Le nombre total des habitants ainsi recensés s’éléve a 
2,867,626, savoir 


"SATIICE. © acter cans ere cle a cee oe ee $1,051 
Francais'etonaturalises <.. "crn sos 189,680 
Kirangers .2)uasor ease oa eae: 155,069 
Musulmans indigénes ............. 2,462,936 
Population-en’ bloc 2)... =s0sees 8,890 

Total Cealy aa. 6) ae sen ie eee 2,867,626 ” 
Til 


In view of the much more certain character of the figures 
for the native population after 1882, the first trial approach 
to the analysis of the growth of this population was to en- 
deavor to fit a logistic population growth curve to the data 
from 1886 to 1921 inclusive. A four constant curve of this 
type was fitted by the method of least squares to the seven 
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counts of the indigenous native population as given in 
Appendix Table 13. The equation found was 
1.892 


142 079-7598 


y = 3.108 + (xviii) 
with origin at 1886, y denoting population in millions, and one 
unit on the time or x axis equalling five years. The upper 
limit of growth as indicated by the curve is at a population of 
5,000,000 and the lower asymptote or starting point of the 
present cycle of growth at 3,108,000. The point of inflection 
of the curve was at approximately the middle of August, 1899. 
The calculated values from this curve are given in column B 
of Appendix Table 13. The form of the curve and its relation 
to the observations are shown graphically in Fig. 16. 

This diagram, and the data on which it is based, present a 
number of points of interest. In the first place it is to be 
noted that the logistic curve describes the growth of the native 
population of Algeria since 1886 with considerable accuracy. 
With the exception of the year 1881, which was not included 
in the calculation of this curve (xviii) the percentage devia- 
tions between theory and observations shown in Column C 
are all small. The discrepancy for the year 1881 will be dis- 
cussed more particularly farther on. 

The second point is that the indigenous native population 
of Algeria furnishes, in its history since the French occupation, 
the first and only example I have so far discovered of a human 
population virtually completing an entire single cycle of growth 
according to the logistic curve, and at the same time having 
definite census records covering practically the whole of the 
cycle. In all other cases known to me sufficient time has not 
elapsed since the beginning of the operation of forces which 
inaugurated a new cycle of human population growth to have 
the cycle completed, or else in cases like that of France where 
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the cycle is near its end the early portion was prior to the 
taking of census records. To find a practically whole and 
complete cycle of human population growth is a matter of 
considerable interest in connection with the whole subject of 
the theory of population growth. The question arises at once 
as to what were the forces, social, biological, economic or 
other, which started and carried through this cycle of growth 
in the isolated homogeneous population with which we are 
here dealing. Without in the least wishing to be dogmatic 
in the matter or to go beyond the evidence, I think a reason- 
able and sufficient explanation is at hand. Algeria is a 
country of marked physiographic contrasts, which set definite 
limits to its agriculturally productive potentialities. Where 
the conditions are naturally suitable for agriculture the soil is 
excellent. But considerable areas of the country are either 
(a) desert, or (b) too arid for successful agriculture without 
being actual deserts in the usual sense of the term, or (c) 
salt marshes. Algeria had been inhabited for a very long time 
indeed before 1882, or indeed before 1830. It may fairly be 
assumed that under the play of natural forces the potentiali- 
ties of the country in the way of supporting a population in 
the agricultural stage of civilization, having regard on the one 
hand to the physiographic conditions and, on the other hand, 
to the cultural methods and other habits of life firmly estab- 
lished as folkways of the native population, were being rather 
completely utilized for the support of population by the natives 
at the time the French took over the country. But the French 
increased these potentialities in two definite ways. The first 
was by bringing increasing portions of the arid regions under 
profitable cultivation by means of irrigation from artesian 
wells. This beneficent activity has been discussed by many 
writers, for example Devereux (16, p. 221), Phillipps (99) and 
Warren (34, p. 63) who says: “In the days of the ancient 
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wells even these oases were fertile and wonderful; but since 
the introduction of artesian wells by French enterprise, which 
tap the hidden flood of the above mentioned subterranean 
rivers their production has quadrupled and the population of 
these oases-towns has increased enormously — largely doubt- 
less owing to the attraction offered to labour by the French 
capitalists, who now for the most part own these wonderful 
resources of the colony.” 

The second was by establishing, in ever increasing degree 
on the average during the period, more settled conditions for 
the profitable raising and marketing of surplus native agri- 
cultural products, teaching the natives improved agricultural 
methods (cf. 7, p. 49, Piquet 100, p. 240, and 5, passim) 
improving the roads, etc. Caix de Saint-Aymour (13), in dis- 
cussing the rapid growth of the native population between 
1872 and 1880 attributes great importance to this element of 
safety and security which the native enjoyed under the French 
régime, saying: “the natives positively pullulate under our 
rule. For the first time since the Roman occupation we have 
given them security. Babies swarm among them like cock- 
chafers under a chestnut tree in the spring.” An excellent 
detailed account of this agricultural development, supported 
by official statistics is furnished by Labiche (4). To take 
but a single example he shows that the figure for the produc- 
tion by natives of durum type wheat in 1870 was 4,036,281, 
and in 1891, 4,833,917 quintals. In 1917-1918 it was 4,699,- 
993 quintals (48, p. 160). It seems reasonable to suppose 
that these factors were sufficient to start the native population 
off on a new cycle of growth, small to be sure in magnitude 
and comparatively short in duration, but not the less interest- 
ing or significant on that account. The fillip to growth 
appears, in short, not to have been great, but still large enough 
to produce a definite and orderly effect. The record of what 
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the French have done in Algeria in the way of improving the 
natural conditions is a splendidly impressive one, even as 
reflected in dry and incomplete official statistics. And the 
good work goes on. In 1921, only three years after the end 
of the war, Algeria spent three times as much on public works, 
roads, highways, irrigation, etc., as she did in 1918 (48, 
pois2): 

The third point concerns the observations as to the number 
of indigenous native inhabitants of Algeria prior to 1882, in 
what I have called in Appendix Table 12 the Period of Subju- 
gation. The six observations in this period all lie well below 
the lower asymptote of the logistic curve which describes the 
growth of the population in the Period of Citizenship. This 
fact might at first thought be supposed to be a serious reflec- 
tion on the adequacy of the logistic curve in this case, on the 
ground that the lower asymptote of (xviii) was greatly too 
high. But the accessible evidence suggests that an alternative 
explanation is possible, and indeed more probable. It seems 
reasonable on general grounds to suppose that for some time, 
perhaps a long time, prior to 1830 the native population of the 
region which is now Algeria had been fluctuating up and down 
about the upper asymptote of a completed cycle of growth. 
When in 1856 the French started to enumerate the native 
population three factors influenced profoundly the magnitude 
of the counts obtained. The first was that in the period from 
1830 to 1856 a by no means inconsiderable portion of the 
previously upper asymptotic population had been killed off by 
the French themselves in the business of establishing their 
position in the country. Time had not sufficed for the re- 
placement by natural processes of reproduction of those lost. 
The second was that probably there had been a sensible 
amount of migration of natives into the neighboring territories 
of Morocco and Tunisia. The third, and perhaps most im- 
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portant, fact was that in 1856, and on up to the early eighties, 
the native population was not in fact completely and perma- 
nently subjugated. The French were actually at war during 
these years with larger or smaller portions of the native 
population, intermittently to be sure but still frequently. 
Under these circumstances it is not unreasonable to suppose 
a priori, and is known to have been the fact, that there was 
widespread distrust and suspicion among the natives of the 
French and their motives. Leger (46), writing in 1866, says 
on this point (and the italics are his) (loc. cit. p. 102): 

“T am not speaking of the Arabs who have settled down 
in our cities. That group never causes any serious difficulty 
except to the police. It is generally insolent, curses God, 
gets drunk, and, in consequence, regards itself as French. 
But beside this misguided group — which we have not made 
more immoral but in which we have implanted new vices — 
there exists another which merits our full care. Always 
rebellious to our authority — at heart, in any case — this part 
of the population has remained completely Arab and free of 
all habitual contact with us. This, the soundest, the most 
numerous, the richest, the most influential, the most recalci- 
trant, and the most mobile, this is the group whose heart and 
spirit we must convert to the French cause; this is the group 
we must reach and win over.” Such a situation negatives the 
possibility of an accurate census count of the natives being 
made. The numbers obtained were bound to understate the 
actual numbers. 

Labiche (4, p. 46) says regarding the early native popula- 
tion data: “ Les chiffres ne présentent aucune garantie d’exact- 
itude; ils donnaient seulement une idée approximative de 
Yimportance de .la population indigéne.” After 1871 this 
aspect of the matter steadily improved, and we see the counted 
and estimated number of natives, as given in the figures of 
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Appendix Table 12 steadily increasing. The very low figure 
of 1871 corresponds precisely in time with the great insurrec- 
tion of Kabylia. 

The fourth point to be considered is the future native 
population predicted by the logistic curve given by equation 
(xviii). The upper limiting population of this curve is 
5,000,000. The recorded native population in 1921 was 
4,924,938. It is therefore evident that if equation (xviii) is 
to be regarded as adequately describing the current cycle of 
growth of the Algerian native population, it has only to 
increase by 75,062 souls before reaching the asymptotic con- 
dition. Supposing this to be true, for the moment, it would 
not necessarily mean that this might not become at some 
future time larger than 5 million. It merely says that so 
long as the same general set of factors, racial and environ- 
mental (including economic, social, and biological as well as 
physical) as have operated during the period from 1886 to 
1921 continue to operate, the probable upper limit to the 
native population is about 5 millions. If a new set of social, 
economic, or other forces, favorable to a larger growth of the 
native population, come into play it is to be expected that the 
population will respond, probably by starting off on a new 
cycle, just as it did after 1871, as has already been shown, but 
possibly by pushing up the limiting value of the old cycle to 
a higher figure. 


IV 


Before finally accepting the upper limiting value of 5 mil- 
lions for the present cycle of growth, however, some further 
consideration of the matter is demanded. In the first place, in 
taking only the data from 1886 on from which to determine 
the constants of the cycle of native population growth which 
has obviously been going since the early seventies, after the 
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last great rebellious outbreak, I was trying to achieve the 
greatest degree of purely statistical accuracy possible, without 
regard to any other considerations. As has already been 
pointed out, it is not until the 1886 census that the figures for 
the native population of Algeria can be regarded as prepon- 
derantly counts and not estimates. But, on the other hand, 
there is plenty of evidence that the 1881 census was closely 
approaching the accuracy of the later ones. It should be 
remembered that it was early in 1882 that the law giving 
civil status to the native population was passed. This political 
boon was only granted to the natives after a period of essen- 
tial tranquillity nearly 10 years long had demonstrated their 
worthiness for it. While the native population in 1881 had 
not numerically recovered from the repressive measures of 
1871, and on that account is not a truly representative point 
for the determination of the constants of the growth cycle, 
still it was thought worthy of inclusion as the basis of a second 
trial approach to the mathematical description of the growth 
of the native population. 

So then a logistic curve was fitted to 8 successive census 
figures beginning with 1881. I shall not take the space to 
give the details regarding this graduation. It suffices to say 
that, taking the origin of the curve at 1881 the upper asymp- 
tote worked out to be 5,399,000, and the lower asymptote 
2,541,000. The point of inflection was at approximately 
December 10, 1898, or about 8 months earlier than that of 
equation (xviii). The agreement between theory and observa- 
tion was again close. The mean percentage deviation, regard- 
less of signs, was found to be 2.02. The net deviation having 
regard to signs was in total + .57, and per ordinate fitted 
+ .07. The corresponding figures for equation (xviii) are: 
Mean error on all 8 points regardless of signs 2.10. The net 
deviation having regard to signs was in total + 11.80, and 
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per ordinate fitted + 1.44. The worse showing of equation 
(xviii) as compared with the second trial curve is solely due 
to the 1881 observation which did not enter into the computa- 
tion of the constants of equation (xviii). This 1881 census 
figure, as has been pointed out, is probably lower than it would 
have been had the Kabyle insurrection of 1871 not occurred. 
This low observed value is probably the result of two special 
causes, namely military losses in 1871 not fully recovered from, 
and incomplete counting. There is, under these circum- 
stances, no slightest reason either to expect or demand that 
equation (xviii) should hit this 1881 point with accuracy. 
Even the second curve which included this point was unable 
entirely to do so, because of its abnormal value, due to the 
special causes pointed out. 

The second curve predicted a native population of Algeria 
in 1926 of 5.17 millions, in 1931 of 5.25 millions, and in 1936 
of 5.30, leaving only some 99,000 souls to add between that 
and the asymptotic population. I am inclined to believe that 
these predictions are, on the whole, more probable than those 
given by equation (xviii). In this connection it will be noted 
that equation (xviii) hits the 1921 observation much better 
than did the second curve, and it is in considerable degree 
the weight of this end observation in the series which damps 
off the curve of equation (xviii) so heavily and rapidly, and 
thus leads to the somewhat low upper asymptotic value of 5 
million. Now there is some reason to believe that the recorded 
value for the native population in 1921 is lower than it ought 
to be, as result of the world war of 1914-1918, and of subse- 
quent migratory movements consequent upon it; or, to put the 
case more accurately, is lower than it probably would have 
been had there been no war in 1914-1918. In short, I am 
disposed to believe that the second trial curve is really nearer 
the normal, or true and undisturbed, course of the growth of 
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the native population of Algeria, when it passes 1921, than 
is either equation (xviii) or the observation recorded as of 
that date. 

Evidence that the 1921 figure for the native population is 
abnormally low is afforded by a study of recent migration 
data. In the first place it is known that since the war there 
have been a good many natives in France itself. On this 
point a recent communication by Wiegand (49) is pertinent. 
Writing from St. Cloud on the general subject of the present 
foreign population of France, after enumerating resident 
foreigners of European origin, he says that there are “more 
than 100,000 colored colonials from Morocco, Tunis and 
Algiers, concentrated principally in Paris and its environs.” 
He means, of course, Tunisia, not Tunis, and Algeria not 
Algiers. 

An examination of recent migration statistics supports 
strongly the idea that the native population counted in 1921 
was below the true value. From the latest official statistical 
document for Algeria (48) Table IV has been constructed, in 
continuation of Table II supra. 


TABLE IV 


MIGRATORY MovEMENTS BETWEEN ALGERIA AND THE EXTERIOR 


Total net migrants between (a) 
Algeria and (6) Morocco and 
Tunisia together, by both water 


Total net 
migrants 


and rail 
A B 

1916 — 20,692 + 6,366 
1917 + 9,595 + 14,704 
1918 + 7,463 + 22,488 
1919 + 94,576 + 28,653 
1920 — 23,331 = 27,515 
1921 — 30,459 — 43,986 
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It is, of course, impossible to reconstruct from these figures 
a complete picture of what has happened, but it seems fairly 
clear that we have to do here mainly with troop movements 
consequent upon the war and its sequelae. Column A of 
Table IV gives the total net migration figures, the plus sign 
meaning as before that the inflow of persons to Algeria ex- 
ceeded the outflow, and the minus sign that the outflow 
exceeded the inflow. The figures in Column A include all 
means of transportation, and migration to and from all coun- 
tries and of all races. Plainly enough in 1919 there was a 
great movement of persons back from France to Algeria. 
The war was over. 

Column B relates much more exclusively to the native 
population, though not entirely so. It presents the facts re- 
garding the interchange of population, by all means of trans- 
port, land and water, between Algeria on the one hand, and 
Morocco and Tunisia taken together on the other hand. 
Obviously this movement will have been mainly of native 
population. This deduction is supported by examination of 
the detailed statistics regarding transportation by railroad, 
where the original data are separate according to the class of 
accommodation used (I, II, or III). Class III travel enor- 
mously preponderates, and may safely be taken to have been 
almost exclusively of natives. 

What Column B of Table IV shows is that in 1920 and 
1921 there was a relatively marked movement of natives out 
of Algeria. This, of course, means that the 1921 census 
count of natives in Algeria was lower than it would have been 
had this emigration not occurred. 

Taking all the evidence together the conclusion seems cer- 
tain that the 1921 point as depicted in Fig. 16 must be 
regarded as below what would have been the true value if 
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the normal populations had not been disturbed by the war 
and its after effects. 

There is one point in regard to Table IV which ought to be 
explained because it seems at first glance an impossible sort 
of paradox. The reader may at first find it hard to under- 
stand why, with a net total excess of immigrants in 1917 of 
only 9,595 there was an excess of immigrants from Morocco 
and Tunisia alone of 14,704. But this is quite correct. In 
that year there went from Algeria by boat to all other countries 
than Morocco and Tunisia (chiefly France) 209,642 persons, 
while there came to Algeria, by the same means, from all 
other countries except Morocco and Tunisia, 204,533, making 
a net Joss on this portion of the migratory business of — 5,109. 
But if we subtract 5,109 from the 14,704 excess immigrants 
from Morocco and Tunisia we have left + 9,595, which is 
precisely the number set down in Column A for 1917, as the 
total net excess. So the apparent paradox is explained. 

Turning now to the question of extrapolation at the front 
end of the curve to years prior to 1881 it was found that the 
second trial graduation gave, as was to be expected, a lower 
asymptotic value which probably more nearly accords with 
what was the average, running level of the native population 
prior to 1830 when the French began occupation, than does 
equation (xviii). It is believed, however, as has already been 
pointed out, that every one of the officially recorded figures 
for the native population before 1881 is probably below what 
was the true upper asymptotic value for the previous cycle 
of growth of the population. 

There was next taken one further and final step in the 
examination of the growth of this native population. A 
logistic curve was fitted to all the data from 1856 to 1921, 
inclusive. It has been pointed out above that the census 
records prior to 1886 are in greater or less degree inaccurate, 
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and the country was in a disturbed state. This fact is plainly 
reflected in the rather wild fluctuations of the figures prior to 
1886 around their trend line, as compared with the smooth- 
ness and regularity with which the trend is followed from 
1886 on. On account of the roughness of the data prior to 
1881 it was decided to smooth them graphically before fitting 
the whole series by least squares. Doing this by the standard 
method, and then fitting by least squares the logistic curve to 
the whole series of 13 points, the following equation was 
obtained. 
3.141 


1 Bie e'-2059 — 423227 


y = 2.2384 (xix) 

As before, the unit of « was taken as 5 years. The lower 
asymptote is at 2,238,000 and the upper at 5,379,000. The 
point of inflection was approximately in the first half of March, 
1895, a little more than 4 years earlier than that of equation 
(xviii). 

The values of the several ordinates of equation (xix) are 
shown in Columns D and E of Appendix Table 13, and for 
the whole range of observations, as the last column of Appen- 
dix Table 12. The graduation is clearly an excellent one 
both from the standpoint of mathematics and common sense. 
The mean percentage error, regardless of sign, over the 8 
points 1881-1921 is 1.81. The net percentage deviation 
having regard to signs is, in total, + 7.11, and per ordinate 
fitted + .89. 

The curve is shown graphically in Fig. 17. 

The first point to be noted about this curve (xix) is that 
its general form is only slightly different from that given by 
equation (xviii). In short, whether we take only the census 
observations which can be regarded as reliable counts, or 
whether we take every official estimate and count of the native 
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population which has been made since French occupation of 
the country, we come to very similar logistic curves. The 
upper limiting population is 379,000 larger in (xix) than in 
(xviii), and the lower asymptote from which the present 
cycle starts 870,000 smaller. It is highly probable that both 
of these values from equation (xix) are better approximations 
to the truth than the corresponding estimates given by equation 
(xviii). Regarding the population in 1830 Laurie (51) has 
the following to say (p. 24): “15,000 Turks were, roughly, 
the garrison and the governing race. The ‘governed’ 
amounted to some 3,000,000 souls.” This is, of course, only 
an estimate and is probably somewhat, though not greatly, too 
high. 

The upper asymptotic population of equation (xix) is still 
probably somewhat too low, because of the considerable effect 
of the 1921 observation in damping off the curve, and the 
further fact already pointed out, that this 1921 count is almost 
certainly abnormal. It seemed of some interest to see what 
would happen if an attempt were made to correct this 1921 
observation in allowance for the unusual migratory move- 
ments, and a new logistic curve then fitted. After careful 
study of all the available evidence on this question of war 
and post-war migration it was estimated that perhaps there 
were about 80,000 fewer natives in Algeria at the time of the 
census count of 1921 than would have been there had there 
been no disturbance of the course of population growth by war. 
Adding this to the observed 1921 figure, leaving all other 
observations as in Appendix Table 12, and fitting a new 
logistic to this altered series, we get an upper asymptotic 
value of 5,416,000, or only 37,000 higher than that predicted 
by equation (xix), a figure well within the expected error of 
census taking. There seems to be no valid reason to suppose 
that the 1921 observation is in error (in defect) by an amount 
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substantially greater than 80,000. So we are rather forced to 
conclude that the upper limit of the current cycle of growth 
of the native population of Algeria will be somewhere in the 
near neighborhood of 5.4 million persons. And this value 
seems, after very careful study of a wide range of statistical 
data about Algeria, reasonable.* For some years past there 
has been no marked or definite increase in general agricultural 
production, except in the case of dates, where the irrigation 
developments show rapid and continuing results. The flocks 
and herds of domestic animals, especially those owned by 
natives, were badly depleted by the war and it will take some 
years for them to recover their pre-war status. 

The future native population as predicted by equation (xix) 
is shown in Table V. 


TABLE V 


Future GRowTH oF NATIVE POPULATION OF ALGERIA 
AS PREDICTED BY EQUATION (xIx) 


Predicted native 


Year population in 
millions 
1926 5.162 
1931 5.234 
1936 5.282 
1941 D.O15 
1946 5.337 


Several French students of the colonial situation have at 
different times made predictions of the future growth of the 
native population. It will be of interest to examine these 
estimates in the light of what has actually happened in this 


8 I cannot take the space for a detailed statistical demonstration here of 
the evidence on which this and following statements regarding agriculture are 
based, but will simply refer the reader to the official statistical publications of 
the Algerian government, (for example 48). 
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cycle of growth, and what seems likely to occur in the near 
future at any rate. 

Caix de Saint-Aymour (13) quotes some population pre- 
dictions made by Tirman in one of his official reports to the 
Conseil supérieur. These predictions were based upon the 
figures of 1866 and 1886. They were as follows, for the 
native population: 


TOO G ie aa oe one eee 5 millions 
VOD Geert: oe te ae yee Ee 7 millions 
LOA Gr as Se ee 10 millions 


At this latter date there were to be 1,280,000 French. Caix 
de Saint-Aymour, writing in 1891 feels these predictions to be 
too large and says that “ heureusement pour nous, la nature 
nobéit pas toujours a ces lois mathématiques.” It would 
seem a Super-politeness which would imply that mathematical 
laws had much to do with Tirman’s prediction. Apparently 
he failed, as many forecasters of population have done, to 
allow for anything in the nature of a damping effect on growth 
entering into the situation after a time. This failure always 
strikes one as strange because economists have long been 
familiar with this concept and also with the fact of diminishing 
returns. 

Labiche (4, p. 46) writing in 1896, predicts on the basis 
of the growth from 1886 to 1891 that the native population 
in 1911 will be 5,028,478. This figure is more than a quarter 
of a million higher than the native population in 1911 
really was, and indeed is higher than was the population 
actually attained 10 years later in 1921. Again anything 
in the nature of a damping factor appears to have been 
overlooked. 

Casserly (14, pp. 249-252), writing in 1923, discusses the 
probable future population at considerable length but not in 
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any very precise statistical manner, basing what he has to 
say in part on a paper by Peyronnet which I have not been 
able to locate. He predicts a native population of 40 millions 
at about the year 2000. It is not clear whether he means 
this to apply to Algeria alone or all French North Africa, 
including Morocco and Tunisia. But inasmuch as the native 
Mussulman population of Tunisia is less than a half that of 
Algeria, while that of French Morocco is only slightly larger 
than Algeria’s, it seems plain that in estimating the soundness 
of a prediction which so far exceeds anything which can 
reasonably be forecast from any events which have happened 
in the past, or phenomena which exist at present, it will not 
make a great deal of difference in the judgment reached 
whether one, two, or all three of the colonies are considered 
to be included. This estimate of Casserly’s, in short, cannot, 
in my judgment, be taken seriously. 

Devereux (16) is somewhat more conservative in her popu- 
lation predicting. She says (p. 260): “In that future when 
all these diverse Latin elements will have been merged in the 
Algerian race, what attitude will it adopt towards the native 
multitudes at its gates? By that time the question as to 
French and foreign numerical proportions will be dwarfed by 
the infinitely greater fecundity of the native population. In 
the census of 1911 the Arabs and Berbers, or Kabyles, counted 
together, reached the figure of 4,740,526, which represents an 
increase of 322,468 since 1906. Assuming that the total 
population augments in the same degree, it is improbable that 
the number (p. 261) of Europeans in Algeria will exceed 
1,000,000 by the middle of the century, as against 8,000,- 
000 natives.” 

Regarding this prediction of a native population of 8,000,- 
000 in 1950, the following may be said. In the first place the 
“infinitely greater fecundity of the native population ” is not 


74 


INDIGENOUS NATIVE POPULATION OF ALGERIA 


in accord with the statistical facts. In the 14 years 1901-1914 
inclusive the mean annual birth rate per 10,000 inhabitants of 
the Territoires du Nord was 296.0 for the European popula- 
tion and 294.3 for the native Mussulman population. The 
“infinitely greater” turns out to be slightly less! In 7 of 
these 14 years the native birth rate was less than the European, 
and in one year was the same, leaving only 6 years in the 
period in which the natives had any higher birth rate than 
the Europeans (cf. on this point Appendix Table 17). In 
1921 the native birth rate per 10,000 inhabitants in the 
Territoires du Nord had dropped to 215.7 while the corre- 
sponding rate for the European population was 258.6. All of 
these birth rates just discussed relate to live births. 

In the second place, Devereux’s prediction, like all the 
others, neglects the action of any future damping factor, in 
its assumption that the rate of growth exhibited in the 
period 1906-1911 will continue indefinitely to manifest itself 
undiminished. 

Taking all the available evidence together it appears to me 
unlikely that, during the next 20 years, which is as far ahead 
as I should care with any seriousness to predict, the native 
population will grow much if any beyond the upper asymptote 
of 5.379 millions predicted by equation (xix). The agricul- 
tural statistics of the country strongly support this view, as 
do also the birth and death rates which will be more par- 
ticularly discussed in later chapters. Testimony in the same 
sense is offered for one part of the country (Kabylia) by 
Wilkin (25), who says (p. 110): “ Presently will come the 
question of an increased population already attested by these 
same outlying settlements. What is to be done with super- 
abundant Chawia? This country, never a rich one, can 
hardly be made to grow more than it does at present. Already 
the Chawia practice farming almost on the Chinese system. 
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Every inch of fertile ground is irrigated and manured and 
fenced and carefully tended. The evil days of semi-starva- 
tion for many cannot be long averted by scratching the 
barren hills and trusting Providence to provide once every 
few years a rainfall sufficient to produce a scanty crop of 
barley.” 

The agricultural limitations of the country in general are 
well described by Ducrot (45) in the following words: “ Be- 
sides, Algeria today is just what it was in the time of Sallust 
and in the time of Constantine. In its ensemble it is a region 
of mediocre fertility, without navigable waterways, large 
forests, and even over immense stretches, without brushwood 
or any other fuel; a region broken up by deep ravines which, 
according to the season, are torrents of water or beaches of 
dry gravel making it very difficult to establish good means 
of communication. 

“On his rough, uneven soil the farmer has to fight not only 
against the difficulties that he meets in other climates but also 
against disastrous plagues which only too often come to de- 
stroy the fruits of the hardest toil and demolish the fairest 
hopes, — factors like the irregularity of the climatic phenom- 
ena, exceptional dryness, torrential rains, in certain regions 
snow and ice; floods, grasshoppers, flies, epidemics, epizodtics, 
and earthquakes.” 

In leaving this section of the discussion of the vital statis- 
tics of Algeria it needs to be pointed out once more that the 
predictions of the future growth of the native population may 
at any time be altered by the entrance into the situation of 
new economic or social factors, of a different sort to those 
which have operated during that past period which equation 
(xix) covers. The population may be stimulated to start upon 
a new cycle of growth, or slighter, but still in kind new factors, 
may alter somewhat the upper limiting value of the present 
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cycle. Such a factor which might conceivably have stimulated 
population growth was the law of February 4, 1919, which 
gave political rights to certain portions of the native popula- 
tion (cf. Fribourg (7)). This law may still produce such an 
effect, but as yet there are no signs of it. 
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CHAPTER IV 


THE MORTALITY OF THE NATIVE POPULA- 
TION OF ALGERIA 


THE same laws as those of Paris are applied to the European 
population of Algeria in regard to the registration of mar- 
riages, births, and deaths. A law of March, 1882, created a 
civil status for the native population, as has already been 
pointed out. Since then it has been equally obligatory for 
that population to declare its births and deaths. These declara- 
tions are registered in due form according to the French law. 
The marriages of the native population are also registered. 
The registration is naturally not perfect in the more remote 
parts of the country (a fact also true of these United States). 
But it appears that the unreliability is not great except in the 
Territories of the South and a few other regions. In general 
Bunle (1) states that the registration figures “‘donnent une 
limite inférieur des nombres des actes de l’état civil dressés 
pour les Musulmans.” In the Territoires du Nord, to which 
we shall confine our attention in what follows, there is no 
reason to suppose that the gross registration of deaths (neg- 
lecting for the moment such matters as cause of death) of 
the native population is not approximately as accurate as that 
of any rural population with a considerable primitive native 
element in its composition. Furthermore it is sure that there 
is very little secular change in the quality of the registration 
of the mortality of the native population, and that such change 
as there is is in the direction of improvement. That is to say, 
such tendency as exists will have been in the direction of a 


78 


MORTALITY OF THE NATIVE POPULATION OF ALGERIA 


more complete registration of the native deaths in 1914 than 
in 1901. Any other assumption would be an unwarranted 
reflection on the efficiency of the Statistique générale de 
? Algérie, and upon the system of colonial district physicians 
(cf. 37, 23, 35, 47) one of whose chief duties is the first step 
in the registration of deaths. 

Let us now consider certain social facts. The population 
of Algeria of European origin is as we have seen, largely 
French. They are mainly urban dwellers. They have, as is 
well known, transferred in large measure French culture and 
organization to the cities of this colony. They pay attention 
to sanitation, hygiene, and public health, and live under the 
benefits of modern public health knowledge as the people do 
in France. They are in no sense living under pioneering con- 
ditions but under highly sophisticated ones. Algiers, including 
its environs, is in fact a health resort, noted for its beauty 
and healthiness. 

On the other hand the Mussulman population of Algeria 
comprises people of ancient and different cultures. The Arabs 
and Berbers are both noted for the firmness with which their 
folkways are established and the conservatism with which 
they resist any attempt to alter them. Morell (95, p. 315) 
says of the Arabs: “Of all the nations on the face of the 
earth, these are probably the greatest conservatives.” Sir 
Richard F. Burton found even the most intimate habits of 
daily life of the Arab of the Arabian Nights and of the 
present day essentially identical. Now the fruits of European 
public health doctrines and education can scarcely be thought 
to play any large or direct part in the folkways and mores of 
the Arab or Berber. His notions of sanitation, cleanliness, 
personal hygiene, and medicine are all his own. That they 
are different from those which govern such matters in the 
civilization of western Europe or in our civilization has been 
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shown in great detail in Doughty’s ‘“ Arabia Deserta” (17), 
and in the accounts of many other travellers in Arab coun- 
tries. Finally it is to be noted that rather more than two 
thirds of the native Mohammedan population of Algeria de- 
rive their living from the practice of agriculture, and therefore 
do not share even indirectly in the sanitary benefits of French 
urbanization. 

Devereux (16, p. 141) says: “ The Arab, like all the poorer 
classes of Orientals, is totally devoid of hygienic knowledge; 
and as his religion leads him to ascribe all afflictions of the 
flesh to the will of Allah, it is not easy to induce him to 
acquire habits calculated to prevent the spread of illness in the 
douars.” 

Harrison (110) offers similar testimony. He says (p. 160): 
“There are some things which an Arab sheikh does not do. 
He takes no interest in the promotion of public health. It 
would not occur to him that such an activity came within 
the functions of a ruler.” And in another place the same 
writer, in discussing the attitude of the Arab to those who 
govern him, makes the following illuminating statement (pp. 
173-174): “He [the Arab] wants the government that allows 
him the best food to eat and the most nearly decent clothes 
to wear, that makes it possible for him by effort and economy 
to live in a house that will at least keep out the sun and the 
rain. He wants more than this. He wants the liberty to go 
where he pleases without interference, and the permission to 
be whatever sort of Mohammedan he desires, and last but not 
least, he wants no annoying interference with his liberty for 
sanitary and police purposes” [my italics]. 

Bertherand (50, p. 305-306), whose treatise is the standard 
work on medical matters concerning the natives in the region 
under discussion, says regarding the relation of the Moham- 
medan religion itself to sanitation and health: “that the 
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influence of fatalism on the production and disastrous termina- 
tion of sporadic and epidemic diseases is an undeniable 
fact. It sets the most narrow limits to all activity of the 
mind; it paralyzes deplorably any live forces that intelligence 
might put forth to repel or prevent many dangers both 
physical and moral, and on the other hand, abandons the 
noblest faculties to the constant triumph of the material and 
sensual,” 

With these considerations regarding the attitude of the na- 
tives toward health and disease in mind, let us examine the 
course of mortality (deaths per 10,000 inhabitants) of the two 
moieties of the population (European and Mussulman) of the 
Territotires civils du Nord of Algeria from 1901 to 1914 inclu- 
sive (Bunle, loc. cit. p. 354). Appendix Table 14 gives the 
data, and also for comparison the death rates of France, the 
United States Registration Area, and England and Wales for 
the same years (taken from Mortality Statistics, 1920, United 
States Census Bureau, 1922, p. 16). The data stop with 1914 
because of the disturbing effects of the war upon the statistics 
after that date. 

The death rate curves of Appendix Table 14 are plotted in 
Fig. 18 on arithlog paper, so that the slopes of the lines may 
be accurately comparable visually. 

The diagram plainly indicates that the decline in the death 
rate has been substantially the same in this 15 year period in 
the two moieties of the Algerian population. ‘The absolute 
death rate is roughly 10 per cent higher in the Mussulman 
population. But it is decreasing just as fast as is that of the 
European population. Furthermore it appears that from 1904 
on the death rate of the native Algerian population declined 
quite as fast, or a little faster, than that of either England 
and Wales or the Registration Area of the United States, and 
distinctly more rapidly than that of France. The dip in the 
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death rate curve of 1903, with higher rates in the years on 
either side (1902 and 1904) appears to have been practi- 
cally a world-wide phenomenon, and only more marked in 
degree in Algeria than in the other countries shown in the 
diagram. 

In order that a more accurate comparison may be made of 
the slopes of the death rate lines of Fig. 18 the data of Appen- 
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Fic. 18. Course of the death rates from all causes in Algeria. Solid line, 
Mussulman population. Dash line— European population. ‘Territory of the 
North only. Corresponding death rates for comparison are: France, crinkled 
ane Riba States Registration Area, dotted line; England and Wales, dot 
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dix Table 14 have been fitted with straight lines by the method 
of least squares. The equations of the fitted lines are as 
follows, y denoting death rate and x years: 
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European population of Algeria....... y = 226.3 — 4.503% ( xx) 
Mohammedan population of Algeria... y = 238.4 — 3.567% ( xxi) 
“EA PST ES SG Oa nO PA eos y = 200.2 — 1.163% ( xxii) 
United States Registration Area...... y = 168.8 — 2.255x (xxiii) 
England and Wales..................<. y = 167.6 — 2.393% (xxiv) 


In these equations the coefficients of x determine the slopes 
of the lines. Since, however, the lines start at different abso- 
lute values these coefficients cannot fairly be directly compared 
as absolute numbers. They must first be reduced to relative 
numbers. This may be done in the following way. Writing 
the equation of a straight line as 


y=at+be (xxv) 


we may take as a relative index of slope the constant 100 6/a. 
Doing this for equations (xx) to (xxiv) inclusive we have the 
following results: 

Slope Index 


100 b/a 
European portion of Algerian population....... = 2.0 
Indigenous native Algerian population......... = 125 
MP CC MR ero i2h. ers cise OMe © nae GS ae ede = 0.6 
United States Registration Area.............. = is 
= 1.4 


pela and. Walese: vay. suas sa. lear Oa eee 


It is seen that of the five populations compared the relative 
slope of the death-rate decline has been actually somewhat 
greater in the indigenous native population of Algeria than in 
any of the other populations except that of the French in 
Algeria. The difference between the slopes of the native line 
on the one hand and those for the United States Registration 
Area and England and Wales on the other hand, are obviously 
too small to be significant. All that can really be said is that 
the death rate of the native Algerian population has declined 
in these 14 years as fast as has that of the other two countries 
named. 
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The trends of these fitted straight lines are shown graphic- 
ally in Fig. 19. 

It is of some interest to note that according to figures pre- 
sented by Hoffman (57) the death rate from cancer appears 
to be declining amongst the native population of the city of 
Algiers, while in the European population it seems to be 
stationary or slowly rising. The figures are as follows: 


Rates per 100,000 


Year 

European Native 
1914 64.3 1045) 
1915 Mes 15.0 
1916 48.7 1225 
1917 54.3 O80 
1918 56.3 EO 
1919 55.6 Ups 
1920 58.7 28 
1921 66.7 6.2 


It is to be noted that the data relate to the disturbed years 
of the war and post-war period. I doubt if they can be taken 
at their face value. 

It is important to consider carefully the question as to the 
extent to which the decline in the native death rate can be 
attributed to public health measures. While it seems improb- 
able on a priori grounds, for reasons already stated, that such 
measures can have played any considerable réle, nevertheless 
it is to be remembered that the a priori logic of an objective 
situation may be very far indeed from the real facts. Caution 
and fairness demand that all available evidence be dispas- 
sionately marshalled, and a judgment then reached. This I 
have tried to do, after studying the literature available on 
Algeria in the accessible libraries. 
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Fic. 19. Straight lines fitted to the death rates of various populations, 
1901-1914 inclusive. 


As might be expected the evidence is at first glance some- 
what conflicting. A good many of the French who have writ- 
ten about Algeria have been concerned to defend the French 
colonial administration, either against criticism at home, or 
from other countries, or from the Mussulman natives, and 
have been disposed to depict all enterprise under French 
guidance as functioning with the greatest efficiency. On the 
other hand, the critics of the French have produced a mass of 
ex parte testimony on the other side. Finally, those of other 
nationalities who have discussed Algeria have frequently been 
partisans, and written accordingly, or have been concerned 
merely with artistic, archeological, or other special aspects of 
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the country. So then what one is compelled to do is to try to 
sift out of this welter of conflicting and irrelevant material a 
clear picture regarding the point of present interest. 

Let us begin the discussion with what is perhaps the most 
fundamental element in all public health work, namely educa- 
tion. It is generally admitted, indeed so far as I am aware 
has never been questioned, that one of the most important 
elements in the promotion of public health is the general state 
of public education. In an ignorant and illiterate population 
it is extremely difficult to make progress in health matters. 
Furthermore it has been definitely shown (54) that in the 
Registration Area of the United States there is a significant 
positive correlation between the general death rate and the 
percentage of illiteracy in the population. 

It may, then, be taken as pertinent to inquire into the 
state of public education of the indigenous native population of 
Algeria both absolutely and relatively to the European popu- 
lation. On this point there is, and really can be, no serious 
divergence of opinion. The official statistics accurately exhibit 
the situation. The essential data derived from (48) are 
digested and condensed in Appendix Table 15. 

It is at once evident from Appendix Table 15, without any 
special treatment of the data, that the native Mussulman 
population has in proportion to its numbers far fewer individ- 
uals in schools than any other element in the total population 
of the country. The magnitude of the disparity in this regard 
is sufficiently well shown by comparing the figures in the last 
column of Appendix Table 15 (1920-1921) with the popula- 
tion counts for the same racial elements according to the 
1921 census. The results are shown in Table VI. 

Two things strike one from an examination of Table VI. 
The first is the meagerness of the representation of the Mussul- 
man population in primary and secondary schools in propor- 
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TABLE VI 


RELATIVE NUMBERS OF DIFFERENT ELEMENTS OF THE ALGERIAN POPULATION IN 
PRIMARY AND SECONDARY SCHOOLS IN 1920-1921 


Percentage of total population in 
designated schools ! 


Class of School 


French | Israelites |Mussulmans} Foreign 


OO | | 


Primary education: 


Ecoles primaires et maternelles 1359 Pall 0.88 

icolesmormales sees .06 03 OO LORE | iPr ene 
Secondary education: 

Etablissements publiques.. . ie} 2.6 .009 

Etablissements libres....... Ws .005 .0004 .006 


1 These percentages are not entirely exact because of small differences in 
racial classification of general population and of school children, but they 
sufficiently approximate the truth for the present purpose. 


tion to their numbers. The second is the greater representa- 
tion of the Israelites than of the French in the schools which 
the latter have established. In this result we see probably 
another example of what is everywhere recognized as a Jewish 
racial trait, namely keenness for education. Another possible 
factor in this case, of course, is that there may be a larger 
proportion of the Israelite population than of the French in 
the lower age groups. 

So far as concerns the Mussulman population only one 
explanation of the observed result is possible. They are not 
being educated in anything remotely approaching the extent to 
which the other elements of the population are. Two sets 
of reasons are responsible for this situation. In the first place 
the Arab is not in the least keen to have his daughters go to 
school, and only sporadically and not more than mildly inter- 
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ested in whether his sons do. On this point Casserly (14, p. 
57) says: “ Education is not compulsory for native children; 
and the Arabs, while usually strongly opposed to it for their 
daughters, are not avid for it for their boys, although the 
Kabyles—that is, the Berber inhabitants of Kabylia — are.” 
Also the French have not been tremendously enthusiastic 
about educating too freely or extensively the native popula- 
tion. Devereux (16, pp. 138 and 139) in speaking of what 
the French have done for the native population of Algeria 
says: “ But of the various levers which enable a race to rise 
the most potent is that of education, and until today educa- 
tional facilities have been offered to the Arabs of Algeria with 
a very sparing hand.” Bach-Hamba (41) criticises the French 
for not having provided more liberally for native education. 
He is obviously a somewhat disgruntled partisan critic, but 
the same point has been made by French students of the 
Algerian problem, notably Gennep (20) who says (p. 191): 
“We have partially civilized Algeria from a material point of 
view; we have done almost nothing from the intellectual point 
of view, which is the most important.” Also further on 
(p. 192) the same author makes the following suggestions 
as to what has not been done and ought to be done relative 
to the natives: “To develop their material and intellectual 
needs, to impose upon them strictly the requirements in hy- 
giene and equality of the sexes which are beyond their present 
understanding, and especially to be clear that it is not by 
gentleness, by coaxing, or by narrow-minded petty politics that 
the native peril will be destroyed.” 

Altogether I think we are bound to conclude that the basic 
foundation for sound and effective public health efforts which 
is laid by a good general education of the population is seri- 
ously lacking in the case of the natives of Algeria. 

The state medical and public health service in Algeria was 
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quite naturally and properly built up by the French in the 
interests of their own colonists. In the earlier years, as has 
been shown in the preceding chapter, the relations of the 
French with the natives were not generally of a character to 
lead to the wide-spread extension of benevolent enterprises 
among the latter. An anonymous writer (37) on the conditions 
in Algeria in 1877 speaks particularly of the medical service 
for the colonists, and states that at that time there were 130 
colonial physicians maintained by the state, each having charge 
of a circonscription médicale. This writer says that the serv- 
ice had never failed up to that time even during epidemics, so 
far as concerned the French population. But Cambon (55) 
in his interesting and valuable account of his progressive ad- 
ministration of the colony mentions (p. xiii) a cholera epidemic 
in 1864 which, with the immediately following famine, “ faisait 
périr un grand nombre d’indigénes.”’ 

Leger (46) writing in 1866 said (p. 44): “It would be ex- 
cellent politics, therefore, to introduce nuns, in every locality 
where there is an Arabian office, to visit the sick of the 
tribe as often as possible. Their influence would be con- 
siderable over both men and women, but especially over the 
latter.” 

Writing still earlier Vaillant (35) in his official report to 
the Emperor says that before his time the medical service had 
mever been properly organized, nor functioned with “la 
régularité désirable.” With the modesty appropriate to an 
official reporting his acts, he states that under his administra- 
tion the service had been well organized and was furnishing 
gratuitous services to both colonists and natives when they 
were indigent. From his account the chief duties of the 
colonial medical officers at that time appear to have been to 
vaccinate and to register deaths and nosographic statistics. 
The last paragraph of his account shows pretty clearly that the 
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preventive medical service really functioned only for the 
colonists. 

The first hospital for natives was established in 1874 at 
Attafs. With this single native hospital the case rested for 
20 years, when in 1894, during M. Cambon’s administration, a 
second native hospital was opened at Ouarqen in Kabylia. 
The next year a third was opened at Arris, soon followed by 
two more, one at Biskra and the other at Ghardaia. Since 
that time the policy of the Algerian government has been to 
operate “infirmaries”’ for the natives, because they are less 
costly to maintain than hospitals. They are said by Colin 
(56) to have “rapidement multipliées, notamment sous le 
gouvernement de M. Jounart, et rendent de tres grands 
services.” ‘This author gives an excellent account of the whole 
history of medical service for the natives. Cambon also dur- 
ing his administration inaugurated a special medical service 
for native women, with female physicians, especially to look 
after obstetric needs. 

What Cambon has to say regarding his motives and view- 
point in developing medical service for the natives is of inter- 
est, and worth quoting as throwing light on the conditions 
relative to the health of the native population and the possi- 
bility of effective public health work, in the sense in which it 
is done in, say, the United States and England. He says 
(55, pp. 38 and 39): “I had noticed, indeed, that the natives 
felt a strong repugnance against going to our hospitals; so I 
conceived the idea, last year, of making medical tours into 
the parts of the country which are inhabited by natives alone. 

“It seems to me that since the natives pay part of the 
expenses for public aid, it is legitimate and necessary to let 
them profit by it themselves. 

“These tours were eminently successful. Of course the 
physician who only passes through cannot care for the cases of 


90 


MORTALITY OF THE NATIVE POPULATION OF ALGERIA ~ 


chronic disease, but he can treat all other affections and re- 
lieve them, and that is doing a great deal. The people — 
particularly those of the Auwrés—received with enthusiasm 
the physicians we sent them. 

“ Also, on one of the tours which I made in Algeria on the 
occasion of the last famine (which was more serious than M. 
Pauliat seems to think) I noted that in certain remote dis- 
tricts the natives were not afraid to go to the ambulance. On 
inquiring the reason for this I was told what it was. What 
the Arabs do not like in our hospitals is our administration, 
that is, the uniform rules which compel a patient, while he is 
in the hospital, no matter what may be the demands of his 
religion, his customs and his tasks, to eat the food prepared 
in the single hospital kitchen, and to undergo a sort of adminis- 
trative regimentation which seems perfectly simple to us, but 
against which the native absolutely rebels. 

“T thought, therefore, that in regions which are far away 
but in which the Arab or Kabyle population is very dense, 
one might establish special hospitals for this population. 
We are studying this question now. I am convinced that 
if we succeed in bestowing the benefits of public aid upon 
the natives they will be exceedingly grateful to us for 
them.” 

Piquet (100), writing in 1912, reviews in considerable detail 
what has been done in the way of public health and medical 
service by the French for the native population. In regard to 
the former the only thing he is able to point to is vaccination 
service and the ophthalmic service, which latter has consisted 
largely in distributing boric acid free to natives. There has 
also been sporadic distribution of quinine in the same way. 
He is sharply critical of the French administration in regard to 
what they have done, or rather failed to do, in the way of 
health service to the native population. The following remark 
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is illuminating in its implications (loc. cit. p. 255): “Les 
femmes avaient été négligées encore plus que les hommes, sz 
cest possible” [my italics]. 

At the present time the situation as to public hospitals 
in Algeria is as follows, except for such changes as may have 
occurred since December 31, 1921, the date of the latest avail- 
able statistics (48, p. 44). There are 13 civil hospitals, 5 
“‘ H6pitaux-hospices,” and 3 hospices. These are staffed by 
91 physicians, surgeons, and pharmacists, 171 “ religieuses,” 
and 671 employees and servants. These institutions provide 
3971 beds for the sick, 1437 for the aged, infirm, and incur- 
able, and 748 for the personnel of the institutions themselves. 
Unfortunately the official report makes no separation of the 
return as to hospital resources on the basis of race. 

So far the discussion has been essentially of curative rather 
than preventive medicine. Great as the value of this service 
has undoubtedly been in recent times in relieving the suffer- 
ing of the native population it cannot reasonably be supposed 
to have had any significant effect in lowering the general death 
rate of the population. 

Turning to public health work, in the strict sense of the 
prevention of disease, there are fortunately available as sources 
of information an official document (47), and a book by 
Lavion (23) who was an official of the government, and there- 
fore presumably writing more or less authoritatively. Since 
the two accounts agree in all essentials, and that of Lavion is 
in some respects more illuminating as to actual conditions, 
I shall quote from it rather than (47). Lavion says regard- 
ing public hygiene (pp. 40 and 41): “ The question of hygiene 
showed itself later to be of great importance. 

“The springs were covered over and numerous canaliza- 
tions were made and kept up so as to supply the population 
of the region with healthy drinking water separate from that 
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meant for cattle, for which the number of troughs and ponds 
were increased in all the douars. 

“In this connection I am reminded of a remark which was 
made to me many a time in the course of my wanderings 
among the native population. 

“Old Mussulmans, not tolerating reforms and not under- 
standing the need of drinking clear pure water, have sometimes 
said to me: ‘We cannot make up our minds co drink the 
French water,’ (meaning the clear limpid water flowing from 
the fountains constructed for their use by the French govern- 
ment). ‘That water makes us sick and we prefer the Arabian 
water,’ (meaning the dirty water taken from the ‘ oueds’ or 
from springs not yet covered over). 

“From the point of view of hygiene, France did not stop 
after this first reform. She was trying to clean up the coun- 
try in which our subjects contracted malaria and attacks of 
pernicious fever. She set herself to ascertain the causes 
of this terrible disease which had been decimating the popula- 
tion. She assigned to famous physicians the mission of finding 
means which would be able to change this dreadful state of 
things. Swamps were filled in or covered with petroleum, and 
a quinine service and preventive measures against the fever 
were organized. 

“The Arab physicians, laymen with purely empirical 
methods, — were inadequate to the needs of the population, 
and a corps of physicians called ‘colonial physicians’ was 
organized to bring them medical aid. 

“These faithful practitioners rendered great service and 
eradicated many epidemics of typhoid and smallpox. They 
were assigned monthly rounds to definite points in the different 
douars in order to bring to the natives, gratis, the benefits of 
their skill, as well as medicines. 

“ Vaccination rounds were also assigned to these doctors, 
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who at first had real difficulty in putting into practice the 
instruction of the administration, until the decree of May 27, 
1907 made obligatory for Algeria the vaccination measures 
to which the diminution in smallpox epidemics is due.” 

This account of the situation needs to be compared with, in 
order to strike a fair balance, the following criticism from a 
native source (8, p. 17), which it should be said is mainly 
directed against the supposedly corrupting effect of the cus- 
toms and habits of the French population, relative particularly 
to alcohol and prostitution, upon the indigenous native popu- 
lation: “I must call to your attention in passing a fact not 
very far removed from the question of customs which we are 
discussing, — namely, the fact that the material aspect of the 
life of the rural natives has not improved under domination. 
On the contrary these natives crowd closer and closer together 
in the rustic-looking tent or gourbi in sterile regions, abandon- 
ing the fertile fields in the selfish grasp of the invading 
colonist, 

“What is there to be said for a domination of 85 years 
when most of these inhabitants are compelled, for example, 
to spend whole days traveling to regions far from colonists 
to get water because the sources of drinking-water which 
formerly supplied the douars are covered over and directed 
into subterranean conduits to supply the settlements occupied 
by cosmopolitan electors. 

“And I am speaking not of Nomads, whom we are leaving 
to their habitual wanderings, but of sedentary groups of people 
who pay taxes and who are being condemned to drink the bad 
water of the oueds (contaminated streams) where the fever 
and other diseases cause a frightful mortality. But I will go 
no further, but will simply say that though the rural Mussul- 
mans die in consequence of a lack of public hygiene which the 
government does not provide, at least they are not often 
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guilty of the ignoble sin of succumbing to the ravages of 
alcohol as are a goodly number of their co-religionists if they 
have dipped ever so slightly into the mixture we call French 
civilization.” 

Other evidence on the matter is furnished by Piquet (100) 
already cited. A voluminous treatise by Perier (105) on hy- 
giene in Algeria, in the great series of Explorations scientifiques 
de l’ Algérie, has to do with the hygienic conditions as they 
existed in the country early in the French occupation, and 
with hygienic advice to the French troops and colonists. 

Jones and Dow (146) in speaking of the standard of living 
of the Algerian population say (p. 6): “It is estimated ‘that 
of the 5,000,000 Mohammedans in Algeria and the south 
territories, only about 200,000 live up to minimum European 
standards.” 

Marchoux (161) has recently studied malaria in Algeria, 
particularly at Murengo, a place of about 7000 inhabitants 
partly colonists and partly natives. He states (p. 205) that 
malaria is very prevalent especially among the natives, almost 
all of whom are bearers of the parasites. In 64 examined 27 
harbored at the moment great numbers of the parasites in their 
blood. Among 37 colonists (Europeans) examined at this 
place 16 had parasites in their blood. Judged by the criterion 
of enlarged spleen, samples of the population from two dif- 
ferent places indicated a 60 per cent morbidity incidence of 
malaria. Certainly this does not indicate a very effective 
public health effort against this disease. 

Before attempting to make a general evaluation of the 
evidence on the point under discussion, and the drawing of 
conclusions, it is desirable to consider another angle of the 
mortality and health of the native population of Algeria. I 
refer to the heavy infant mortality and its selective character. 
The best introductory statement regarding the matter is per- 
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haps that of Bertherand (50) who says (pp. 228-229): “ Are 
the conditions surrounding the natives of Algeria favorable 
to the development of epidemic diseases? ‘The answer to this 
question is certainly ‘yes’ if one notes that there general 
hygiene is almost nil; that they do nothing to avoid or remove 
the piles of vegetable and animal débris; that they are under- 
nourished, that their habitations are badly built and damp; 
that the earliness of their marriages and their venereal ex- 
cesses have a profoundly debilitating influence, etc. The 
answer is certainly ‘no’ if one observes that they have no 
manufacturing industries; that their régime is simple and their 
life generally not very active; that existence in the open air 
and in small groups exempts the masses from the disadvantages 
and dangers of large and populous cities; that the sad state 
of public and private education does not, at least, precociously 
exhaust the intelligence of the young and does not hinder in 
any way the free development of the various organs, and, 
finally, that the religious dogmas of Mohammedanism impose 
upon the nervous system a placidity which has incontestibly 
a happy influence upon the etiology, course, and outcome of 
disease, etc. Finally (to terminate this rapid sketch of general 
conditions favorable and unfavorable to epidemics and, in con- 
sequence, to a temporary increase in the mortality rate) one 
must bear in mind the essential fact that all weak, delicate, 
non-robust individuals, or individuals violently attacked by 
Serious accidents die very early, either through lack of proper 
care or through the permanence of the pathogenic causes them- 
selves, and that, in consequence, the epidemics that later rage 
among a population whose robust elements have all been pre- 
served, evidently meet with more energetic resistance to their 
ravages and appear, in other words, to cause a much lower 
mortality than that which would obtain among a people more 
advanced in civilization.” 
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The same facts about the heavy and selective infant mor- 
tality have been observed and recorded by many others, indeed 
even by the most casual travellers. Thus Thomas-Stanford 
(33) writing more than a half century later than Bertherand 
says (p. 33): “ A vigorous childhood ensures the survival of 
the fittest; the Arab children are left to themselves, naked in 
heat and cold, in sun and rain and frost, and only the hardiest 
reach manhood. The result is seen in the finely tempered 
physique of the race, in the Arab’s extraordinary powers of 
enduring, and in his disregard of hardship and suffering. 
Whole tribes are infected with what is called the disease of 
civilization; typhus and smallpox sometimes blaze like a 
flame among them; the Arab scorns precaution or cure, and 
lives or dies with indifference.” 

Writing of the Arabs in Arabia Harrison (110) says (p. 
30): “ Most of his children die because of the unsuitable food, 
the hard condition of life and the ignorance of the parents.” 

The same selective mortality prevails among the Berbers of 
Kabylia. Discussing these people Wilkin (25) says (pp. 92- 
93): “The children were in a shocking state of filth and 
neglect. In the winter life must be very hard for the young- 
sters. Constantly soaked, with no better means of drying 
them than a smouldering fire whose smoke blackens everything 
before it finally discovers an exit, and the keen air of the 
mountains, they die at an early age of affections appropriate 
to such surroundings, all except the hardiest who live to be the 
parents of a new generation. In nature this is as it should be. 
In an artificial society like our own it is horrible, but it 
exists. ... It is a pity that a happy mean cannot be found 
between rearing children obviously doomed to ill-health for 
life, and allowing all to die who are not quite strong enough 
to face a winter which, as often happens, is only exceptionally 


severe.” 
97 


THE BIOLOGY OF POPULATION GROWTH 


Even so casual a traveller as Shoemaker (58) does not miss 
this point. Speaking of Mohammedanism in Algeria he says 
(p. 217): “ What is there in that religion to hold its people 
so? Is it lust, or indolence? Certainly from any decent stand- 
point there can be no recommendation found in it as it is 
today, —the degradation and enslavement of the women, the 
filth and disease in which the people live and will live forever, 
the awful mortality amongst the children with whom it is only 
the strongest that survive, —in little Biskra they die at the 
rate of several a day, —the absolute lack of advances or im- 
provement of any sort, that is Islamism, that will be Islamism 
unto its final extinction.” 

The age distributions of the mortality of the native and 
the European populations of Algeria in the period 1911-1913 
are shown in Appendix Table 16 and Figs. 20 and 21. The 
data are taken from Bunle (1). For comparison are added 
the life table death rates given by Glover (53) for the total 
population (white and colored) of the original Registration 
States of the United States in 1910, at the central year of the 
specified age periods of Appendix Table 16. 

From Appendix Table 16 and Figs. 20 and 21 the following 
points may be noted: 

Up to age 35 the specific death rates for the European popu- 
lation of the Territoires du Nord of Algeria are higher than 
those for the United States (original Registration States, 
total population including both white and colored). This 
difference may fairly be taken, I think, to denote the relative 
environmental superiority, in respect of matters of sanitation 
and public hygiene, of this country over Algeria at that time. 
Such a conclusion seems reasonable from every point of view. 
The only alternative explanation which suggests itself is that 
the American population is superior in innate biological sound- 
ness and stamina. Such an inference would seem to be highly 
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improbable, in the face of all the facts, certainly more im- 
probable than the environmental explanation. 

After about age 35 right away to the end of the life span 
the age specific death rates of the female European population 
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Fic. 20. Age specific death rates for males. (a) Mussulman in Algeria — 
solid line; (b) Europeans in Algeria— dash line; (c) United States, Original 
Registration States, 1910 smooth curves. 


in Algeria (Fig. 21) are obviously in no essential way different 
from the United States life table death rates for the general 
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female population, having regard for the errors incident to 
sampling. The two lines wind in and out about each other in 
a manner indicating substantial identity of course. In the 
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Fic. 21. Like Fig. 20, but females. 


case of the males (Fig. 20) the European inhabitants of 
Algeria have higher age specific death rates than the United 
States population throughout life until age 85 is reached. 
After age 35 the differences are not great, but still they are 
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there. After age 85 age specific death rates are not highly 
exact or reliable in any case. 

Apart from the difference already noted it is apparent that 
the general form of the age specific death rate curves for the 
European population of Algeria is closely similar to that of 
United States life table curves. Considering the fact that the 
Algerian data are entirely unsmoothed, the closeness of this 
shape similarity even in detail is really rather remarkable. 
It is, of course, in part explained by the fact that the Algerian 
rates are based upon an averaging of the observed mortality 
over several years. It indicates two things, I think: first, 
that the mortality relations of the European moiety of the 
Algerian population are essentially normal and regular; and, 
second, that the registration of death statistics in that country 
is on a sound basis and functions with the sort of accuracy 
that we expect in what are perhaps usually regarded as more 
advanced countries. 

Turning to the Mussulman population of Algeria a widely 
different case presents itself in respect of the specific death 
rate curve. In both sexes the death rates at all ages up to 
55 (with the single exception of males 1-4) are considerably 
higher than in the European moiety of the population. From 
55 to 65 they are slightly higher in the Mussulman group, 
but practically the same as in the European. From age 65 on 
to the end of the life span the Mussulman population exhibits 
a mortality at ages not only markedly lower than that of the 
European population of Algeria, but lower than the life table 
death rates in the United States. The whole picture presented 
by the Mussulman curve is that of a population living under 
natural conditions in which the force of natural selection — 
the weeding out of the weak in the earlier periods of life and 
the survival of the strong to ripe old age — has full play. 

Because the statements of age, both of the living and the 
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dead, are probably not as exact in the case of the Mussulman 
population as in the European, the Mussulman specific death 
rate curve is not so smooth as the European. The Mussulman 
rates at age 65 are probably too high and those at 75 too low 
in both male and female curves. In short, with more extensive 
and more precise data the two curves would probably cross at 
age 55 rather than 65. 

Taking the unsmoothed data as they are, we have the system 
of percentage differences in the specific death rates between 
the European and Mussulman moieties of the Algerian popula- 
tion, shown in Fig. 22. 
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Fic. 22. The differences between European and Mussulman age specific 
death rates expressed as percentages of the rates for the European portion of 
the Algerian population. Solid line, males; dash line, females. 


From the diagram it appears that the greatest percentage 
excess of the specific mortality rates of the Algerian native 
population over the European are in youth. Up to age 35 the 
native rates are, save in the period before age 5, on the 
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average from 60 to 80 per cent higher than the corresponding 
rates for the European population. From age 35 on the per- 
centage excess of the native rates lessens steadily. After age 
65 the native rates are roughly 25 to 60 per cent lower than 
the corresponding rates for the European population. 

As bearing upon the selective character of the death rate 
and the superior vigor of the old, manifested in their lower 
specific death rates at advanced ages, the following statement 
of Naphegyi (96, p. 157) is of interest: “‘ Among these people, 
the aged never become so dull and infirm as they do with us. 
Generally their bodily agility and freshness remains apparently 
unimpaired until within a few days before death, which seems 
to come upon them almost without warning.” 

Making full allowance for the element of error in the rates 
there would seem to be no doubt as to the general result that 
in the early part of the life span the age specific death rates 
are higher in the indigenous native population of Algeria than 
in the European population, and lower in the latter part of the 
life span. 

Summarizing all the evidence presented in this and the 
preceding chapter I think we are justified in drawing two 
conclusions. The first is that up to the present time those 
environmental forces which may be generically called public 
health and sanitary measures, as these terms are understood 
in the countries of Western Europe and the United States, have 
had no significant effect in altering the natural course of mor- 
tality in the native population of Algeria. The weight of the 
evidence indicates that (a) no such measures in any wide- 
spread or effective way have ever been applied to the native 
population. The nearest approach to such effective applica- 
tion has been in the case of vaccination, but in recent years 
smallpox has not been at the worst a serious factor in mor- 
tality. Furthermore the internal evidence from the death 
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rates at ages indicates (b) that the mortality is of the form 
which would be expected in the absence of effective preventive 
medicine. Finally, all the ethnological evidence indicates (c) 
that the folkways of the native population of Algeria are such 
as to present the maximum of resistance to the application of 
European public health measures. 

The second conclusion to be drawn is that in the absence of 
effective public health measures the death rate of the indige- 
nous native population of Algeria has declined in recent years 
at a rate quite as rapid as that either of their European com- 
patriots living in the same environment, or of the population of 
the most enlightened and progressive countries of the world 
in health matters. 

The bearing of these results on the general problem of 
population growth will be discussed in a later chapter. 
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DHE BIRTH RATE OF THE NATIVE POPULA- 
TION OF ALGERIA 


THE birth registration in the Territoires du Nord of Algeria 
is on precisely the same footing as the registration of deaths, 
and probably nearly or quite as accurate. Appendix Table 
17 gives the birth rate (live births per 10,000 inhabitants) in 
the Territoires du Nord for the 14 years 1901 to 1914 in- 
clusive. In order to make clear the significance of the figures 
in this table, Fig. 23 has been prepared. This diagram plots 
the two columns of figures of Appendix Table 17 on an arith- 
log grid, again used in order that the slopes of the lines may 
with accuracy be visually compared. 

It is evident at once that the birth rate is absolutely high 
for both moieties of this population; indeed, Bunle points out 
that it was higher in the period covered than that of any of the 
countries of Europe except the Balkan states, Russia, Hungary, 
Spain, and Italy. 

There are two points of particular interest derivable from 
these figures. The mores of the European and the Moham- 
medan portions of the population are not more different in 
respect of sanitation and related matters than they are in 
respect of reproduction. It is a generally admitted fact that 
birth control by means of contraception is widely practiced in 
France. It is not necessary to detail evidence on this point. 
Not only do medical men discuss it (cf. for example Surmont 
(106)), but there is a great deal of propaganda literature of 
the type of (107) circulating in France at the present time. 
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The view is indeed widely held that conscious contraception 
is the chief cause for the present state of the French birth rate. 
There seems no particular reason to suppose that the French 
inhabitants of Algeria, who, as we have seen, comprise the 
great bulk of the European population of that country, behave 
in this respect differently than do their compatriots at home. 
Casserly (14, p. 55) says regarding the European population 
of Algeria: ‘“‘ Social life and customs are very much the same 
as in French provincial towns.” 

On the other hand, the Arabs and Berbers are notoriously 
much less concerned about the remote consequences of sexual 
activity than they are about its immediate pleasures. It seems 
entirely fair to suppose that birth control propaganda has, up 
to the present time, played an infinitesimally slight réle in the 
home life of any Mohammedan people. Stopes (108, p. 252) 
is able to find “no explicit information concerning contracep- 
tion in Mohammedan countries.” 

There are two outstanding features in the general picture 
which one gets from a study of the family life of the Arabs. 
The first is the excessive venereal appetite which characterizes 
the race, and the second is the low position of women in the 
social and family life, involving, as its concomitant, an utter 
lack of care for their feelings in any respect whatever. The 
first of these traits appears also to be shared by the Berbers, 
though in regard to the second they are racially somewhat 
superior to the Arabs. Both of these elements in the family 
life would seem clearly to preclude any systematic or exten- 
sive practice of contraception. 

A little of the mass of evidence which exists in the literature 
on these points will bear quoting here. Lord Belhaven and 
Stenton (109, p. 590) in an article on the great Arabian leader 
Abd-el-Aziz Ibn Sa’ud records the following conversation, 
which is perfectly characteristic of the Arab male in general, 
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but takes on special significance from the fact that Ibn Sa’ud 
was admitted by every one (cf. Harrison (110) on this point) 
to be an unusually enlightened, kind, and high-minded Arab: 
“He was trying to set forth the respects in which Moslems are 
superior to Christians, and in some of these I must admit that 
he was right, though I, of course, stoutly maintained the con- 
trary. Among these excellencies he instanced the practical 
absence of adultery among them, whereas it was such a com- 
monplace matter among Christians that their very newspapers 
and novels were full of it. I said, ‘Sheikh, we Christians’ 
(Nasara, a word of contumely) ‘are allowed but one woman 
to wife, even though we marry in extreme youth. How many 
have you had?’ ‘ Four,’ he answered, ‘as the Prophet or- 
dained.’ ‘Yes,’ I said, ‘I know that you have four at present, 
but how many have you divorced in the course of your life?’ 
‘A hundred! ’ he roared with a hearty guffaw, which the whole 
audience took up in glee. I had not to elaborate my point, as 
those who know the Arabs will understand.” 

Casserly (14, p. 223) says: “ The children from the earliest 
age are no Strangers to any vice; for no attempt is made to 
conceal the knowledge of evil from them. For the Arabs are 
immoral to the core. Venereal disease is universal. To minis- 
ter to their vicious desires old men purposely marry girls who 
have not yet reached the age of puberty. Married women are 
as unfaithful as the fear of their husband’s wrath will let 
them be.” 

Douglas (6, p. 15) in speaking of the abject position of the 
women in Arab society says: ‘‘ The wife owes obedience to 
her husband and must cohabit with him.” 

Gennep (20, p. 169) has the following to say regarding the 
status of women in the native population of Algeria: “‘ They 
are married, sometimes from the age of eight on, to men 
between fourteen and sixty who exhaust them horribly. A 
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rather large proportion of young married women die from the 
consequences of the wedding night. Those who survive it are 
beasts of burden, even in Kabylia and among the Berbers. 
What is worse, the woman is not respected as a wife. She is 
consulted on the conduct of affairs if she is clever and prac- 
tical, but this fact does not raise her in the esteem of her 
husband, her brothers, her sons, her male relatives, or men in 
general. Just because she is a woman she is kept in an inferior 
position, hardly above the animals, and far below the men.” 

Leger (46, pp. 43 and 44) quotes from Souvenirs d’un chef 
de bureau arabe, p. 117, as follows: “ But it is in the private 
conduct of these women that I see their moral abjection. I 
do not wish to say anything about it here, but their libertinism 
is publicly notorious. The situation could hardly be different. 
The Arab woman has nothing but her senses and no one has 
taught her to resist their revolts. Reserve, decency, and 
modesty are virtues unknown to her. Her fidelity succumbs 
at the first favorable opportunity.” 

I shall next quote at length from two distinguished physi- 
cians, both of whom have devoted many years to an intimate 
study of Arabian life. They are both qualified by training 
and scientific interest to discuss the matter technically, and I 
feel justified in devoting so much space to the presentation of 
their conclusions because of the great theoretical importance 
of the point here at issue. 

Bertherand (50) discusses various aspects of the sex life 
of the Arabs in the following terms (pp. 378-379, 381, 383- 
385, 389). 

“Nous avons déja parlé de l’onanisme: ajoutons que la fré- 
quence des vers intestinaux est peut-étre une cause prédispo- 
sante aux exces pernicieux de cette habitude, dont les effets 
se trouvent prévenus en partie par la précocité des mariages. 
Quant a la pression exercée sur le cervelet par les rebords du 
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calot souvent épais et endurcis par la crasse, pression’ qui, 
jointe au poids de toute la coiffure, s’exercerait particuliére- 
ment sur l’occiput et provoquerait ainsi la fréquence des érec- 
tions, c’est une question difficile 4 résoudre. —‘ Mariez-vous 
jeunes, disait Mohammed, la femme fuit la barbe blanche, 
comme la brebis le chacal.’ Mais qu’entendre par le mot 
jeunes? Une tradition du Prophéte, d’aprés M. Sale, traduc- 
teur du Koran, aurait fixé l’A4ge des unions sexuelles légales, ou 
de maturité nuptiale, 4 15 ans; et Abou-Hanefah, un com- 
mentateur, pensait que 18 ans était le moment convenable. 
Combien alors nos Arabes sont loin de l’application de ces 
sages préceptes! Il] faut avouer que le Prophéte lui-méme, en 
épousant la fille d’Abou-Bekh qui n’avait pas encore atteint 
sa septiéme année,’ donna le premier le mauvais exemple, 
quoiqu’il efit soin de légitimer ses écarts de conduite par des 
révélations particuliéres de la divinité a titre de priviléges en 
sa faveur. Les Arabes de l’Algérie épousent souvent de jeunes 
filles non réglées, ou ayant de 8 a 9 ans a peine. ‘ Selon 1’o- 
pinion générale, dit la loi musulmane, l’4ge de copulation ou 
de nubilité est celui de neuf ans; avant cette époque, la con- 
ception est légalement impossible.’ Ainsi la législation con- 
fond deux choses: Vapparition de la nubilité et le moment 
opportun de la copulation et de la gestation. Elle implique la 
nécessité, la convenance de ces actes coincidemment avec les 
premiers signes du développement des organes aptes 4 les con- 
sommer. 

“Tl en résulte, comme Montesquieu l’observe fort bien, que 
les femmes ‘nubiles 4 dix ans sont vieilles 4 vingt: quand la 
beauté demande l’empire, la raison la fait refuser; quand la 
raison pourrait l’obtenir, la beauté n’est plus. II est donc trés 
simple qu’un homme quitte sa femme pour en prendre une 
autre.’ Les funestes conséquences de la précocité des unions 

1 Prideaux, Vie de Mahomet, p. 11 et 53. 
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sexuelles, surtout avant l’aptitude compléte des organes géni- 
taux et du corps a en supporter les fatigues sans danger pour 
la santé, ont été exposées plus haut avec assez de détails pour 
qu’il ne soit pas nécessaire d’y revenir. | 

“Les excés vénériens entrainent de grandes pertes nerveuses, 
moins graves au début pour l’Arabe dont le systéme nerveux 
est moins sensible, mais qui, trop souvent répétées, détermi- 
nent a la longue chez lui des spermatorrhées incurables, des 
affections organiques de la vessie et des reins. Les nombreuses 
maladies de l’appareil génital de la femme reconnaissent sans 
aucun doute pour cause principale la fréquence des rappro- 
chements sexuels qui exalte si rapidement la sensibilité des 
organes de la reproduction. La misére qui sévit généralement 
sur la population ne pousse déja que trop les Indigénes 4 
chercher dans le coit leur unique distraction 4 des privations 
continuelles. 

“Le rapide examen du texte de la loi, en ce qui concerne la 
médecine dans ses rapports avec les dispositions judiciaires, a 
fait également voir que toute copulation commencée doit étre 
terminée, sous peine de péché. En effet, ’acte incomplet du 
coit fatigue bien davantage en empéchant l’accomplissement 
régulier, normal, de la fonction. Mais, d’un autre cété, cette 
sage recommandation de l’autorité religieuse n’aurait-elle pas 
eu pour but également de modérer la fréquence des rappro- 
chements sexuels en favorisant, par la copulation complete, 
la naissance d’un plus grand nombre d’enfants? Evidemment, 
la multiplicité des naissances, dans ce dernier cas, doit enga- 
ger les Arabes a mettre un frein a cette fureur charnelle, que 
M. Devay a si bien dépeinte par le nom d’onanisme conjugal. 
— ‘Il vous est permis, a dit le Prophéte, de vous procurer, 
avec de l’argent, des épouses que vous maintiendrez dans les 
bonnes meeurs et en évitant la débauche. .. . Ceux qui se 
maintiennent dans la chasteté et n’ont de commerce qu’avec 
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leurs femmes, seront dans les jardins du paradis. . . . II vous 
est permis d’epouser les filles honnétes des croyants; vivez 
chastement avec elles, ne commettez point de fornication, et 
ne les prenez point pour concubines, etc... .’” Outre ces 
exhortations 4 la chasteté conjugale, Mohammed s’est forte- 
ment élevé contre l’adultére: ‘Si vos femmes commettent 
Vaction infame, appelez quatre témoins; si leurs teémoignages 
se réunissent contre elles, enfermez-les dans des maisons jusqu’a 
ce que la mort les visite ou que Dieu leur procure un moyen 
de salut... . Evitez Vadultére, car c’est une turpitude et 
une mauvaise route. . . . Les femmes impudiques sont faites 
pour les hommes impudiques; les hommes impudiques sont 
faits pour les femmes impudiques. ... Heureux sont les 
croyants qui évitent toute parole déshonnéte, qui savent com- 
mander a leurs appétits charnels et qui bornent leur jouissance 
a leurs femmes; mais celui qui porte ses désirs au-dela est 
transgresseur. . . .2° Sous le gouvernement du dernier Dey 
d’Alger, c’est au cap Matifoux, prés de cette derniére ville, que 
les femmes convaincues d’adulteére, les filles publiques surprises 
en relation avec un Juif ou un Chrétien, étaient renfermées 
dans un sac et jetées a la mer par les agents du mézouard 
(chef de police). 

“Les tristes conditions du mariage n’aménent que trop faci- 
lement de gros nuages dans les rapports des époux; les coups, 
les contusions sont le partage quotidien de jeunes femmes que 
le despotisme le plus barbare traite en esclaves dégradées. La 
loi, qui prévoyait bien cette douloureuse mais inévitable con- 
séquence de la polygynie, a pris les dispositions suivantes: 
‘Lorsqu’une femme méconnait ce qu’elle doit de respect, de 
soumission 4 son mari, le mari lui fera des exhortations et des 


2Koran; ch. IV 5; va 29s) chy loNcn vane Orn chie Vanvalie 
Seid: chy LV, v. 19) -cheeccVillev.0S4 5m CO ne XOCLV ver 205 ChemeNONG Leng 
qt nD 5 CLC: 
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remontrances; quand il n’obtiendra pas d’amendement, il 
exclura cette femme du lit marital; 4 défaut de succés encore, 
il la battra, s’il pense que ce moyen violent puisse étre utile et 
la ramener au bien. Les coups ne doivent produire ni fracture, 
ni blessure, ni contusion sérieuse.’* Tout commentaire 
devient inutile en présence de droits aussi violents; aussi 
injustes; on concoit toute lVinfluence pernicieuse qu’ils doi- 
vent exercer sur la santé de la femme en particulier. 

“La polygynie a le grave inconvénient d’amener une vieil- 
lesse précoce et un degré, plus ou moins complet, d’impuissance 
prématurée. Aussi les Indigénes fatiguent-ils les médecins 
francais de demandes constantes de substances qui puissent 
réveiller l’énergie des organes générateurs. La loi musulmane 
indique elle-méme le but de Vablution avant le coit, a titre 
d’agent tonique et devant prévenir l’épuisement consécutif, 
d’autant plus sensible ou certain que l’acte est plus souvent 
répété. ‘A défaut d’eau, la lustration pulvérale (sable ou 
terre) avant la copulation n’est point indiquée, car cette 
lustration n’a pas l’effet qu’on se propose par la lustration par 
Veau, c’est-a-dire qu’elle ne produit pas V excitation convenable 
pour le coit.’° Voila donc clairement expliques, d’une part 
le but essentiel des ablutions qui 4 titre de tonique général 
tiennent tant de place dans la loi religieuse des Arabes, et de 
Vautre, l’effet bien positif de ’eau sur Vénergie des organes 
générateurs affaiblis par la polygamie. 

“Le coit avec ou sans éjaculation séminale réguliére est 
permis avec la femme qui allaite. Le Prophéte a dit: ‘ J’eus 
V’intention de défendre le coit avec la femme pendant Iallai- 
tement, jusqu’a ce que j’appris que les Grecs et les Perses 
pratiquent ce coit sans qu’il en résulte rien de nuisible pour 
leurs enfants.’ Le Prophéte jugeait dans sa pensée que ce 


4 St Khelil; du Mariage, ch. V, sect. 15°. 
5 St Khelil; du Mariage, chap. I, section 8°. 
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coit n’était pas exempt d’inconvénients pour le nourrison.” ° 
Et il n’avait point tort; mais nos Arabes sont d’un avis tout 
différent; et ce qui prouve bien qu’ils s’occupent fort peu de la 
double influence du rapprochement sexuel sur la grossesse et 
sur lallaitement, c’est que les couches coup-sur-coup sont 
assez fréquentes chez les femmes indigenes. Du reste, les 
dérangements qui apparaissent si souvent dans la menstrua- 
tion, dans la sécrétion laiteuse ou lochiale et deviennent le 
germe de beaucoup d’affections utérines, indiquent suffisam- 
ment combien la femme arabe néglige d’habitude tout ce qui 
concerne l’hygiéne de ces diverses fonctions. Elles ont de bien 
singuliéres coutumes a ce sujet. Ainsi, dans les villes, quand 
elles ont leurs régles, elles vont au bain maure, et a la fin de 
la séance, elles s’ablutionnent vivement et copieusement les 
parties sexuelles avec de l’eau trés froide; cette pratique aurait 
pour but d’activer écoulement menstruel. Les femmes des 
tribus connaissent également cette propriété des liquides 
froids.” 

More than a half century later another distinguished medical 
man, a graduate of the Johns Hopkins Medical School, Dr. 
Paul W. Harrison, has the following to say regarding the 
Arabs of Arabia (110, pp. 68-70): “To a new arrival from 
America the most surprising difference between the society he 
has left and the new society he now enters, is in the relation 
of the sexes. All animal appetites are strongly developed in 
the Arab, but nowhere has the development been so unbalanced 
and harmful as in the appetites and passions which are con- 
nected with sex. These appetites are perhaps as intensely 
developed in the Arab as in any race in the world. Certainly 
they are far more intense than in Europe and America. The 
Arab knows three pleasures, perfumes to smell, food to eat and 
women to enjoy. In ten years’ medical work in Arabia, I 

6 St Kheld, t. 111, chap. X, p. 129. 
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have yet to interview the first Arab in search of a tonic because 
his business cares or any other of life’s ordinary activities were 
proving too much for his strength. Hundreds have come to 
ask for some elixir to prolong and increase the physical 
pleasures of parenthood. The customs that the Arab’s appe- 
tite has created allow him four wives and as many concubines 
as he desires. He may divorce any wife at his pleasure and 
sell any concubine. Thus he may change partners at will 
and contract a new alliance at any time the fancy strikes him 
— whenever, in fact, he finds his first partners getting a trifle 
old or otherwise unattractive, quite commonly after they have 
borne children and have less to offer in the way of sex grati- 
fication. The result can be imagined. The pleasures licensed 
and endorsed by such a public opinion come to dominate the 
whole emotional horizon. Perhaps ninety per cent of the con- 
scious enjoyment of the Arab comes to reside in this particular 
experience. 

“We might expect to see especial care spent on children 
in such a country, and all life centering around them. If the 
forces of religion had been exerted to this end, perhaps that is 
what we should see, but as a matter of fact, religion. has 
surrendered to custom and desire and the far easier path has 
been followed which leads to the focusing of all attention on 
physical sex indulgence, with children a mere necessary en- 
cumbrance. The world of the Arab does not revolve about 
the children. They are a mere incident, although they are 
petted and spoiled. What he delights in is the physical en- 
joyment of a new and pretty wife. 

“ Fortunately there are natural limits to this indulgence. 
The number of women in Arabia is not greatly in excess of 
the number of men, and obviously the percentage of men who 
can have four wives is a small one. Arabs universally have 
an abnormally developed sex appetite, and their whole emo- 
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tional life revolves around it, but not all have surrendered 
equally to this type of excess. Polygamy is almost unknown 
among the nomad Bedouins of the desert and divorce is un- 
common. The poorer classes in the oases and in the coast 
towns share to some extent in the immunity of the Bedouin. 
None of them, however, show as fine a family life as his and 
for a very simple reason. They are not so poor, and the evil 
example of the rich is closer at hand to corrupt their minds 
and desires, even if because of their poverty it cannot corrupt 
their practices. 

‘“‘ Among the wealthy the system is carried out to its limits. 
Some of the oasis chiefs are among the worst offenders. I 
know one or two of them who are reputed to average a new 
wife every month. The merchants of the oases and the coast 
towns are nearly as bad. It goes without saying that only the 
rich and the great can indulge themselves to this extent, for it 
takes a great deal of money to change wives in such a fashion. 
However, it also goes without saying that any society whose 
ideals and religious teachings include and endorse a system 
such as this, and whose promised abode of future bliss is noth- 
ing but an exaggeration of the same thing, will show much the 
same moral tone all the way down to the very lowest strata.” 

Now, while the evidence is overwhelming, I think, that con- 
scious contraception (birth control) plays no significant réle 
in the determination of the birth rate of the indigenous native 
population of Algeria, still from Fig. 23 it clearly appears that 
while the crude birth rate of the European population has at 
times been higher than that of the indigenous native population 
of Algeria, they both declined at substantially the same rate 
between 1901 and 1914. 

Whether one looks merely at the absolute position of the 
two lines, or whether one considers the problem of the world- 
wide decline of the birth rate as exemplified in this particular 
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instance of Algeria, he is likely to wonder about the relation 
of the practice of birth control to demographic statistics. In 
point of fact, Algerian figures which seem to me to come nearer 
to recording a large scale experiment than any others avail- 
able (because it would be, so far as I know, difficult to find 
two sets of people more widely apart in regard to their pru- 
dence and foresight respecting the consequences of sexual 
activity than are the French and the Arabs) lend strong 
support to the view which has been advocated by Yule (111) 
regarding the declining birth rate. 

It is a matter of considerable interest to compare the rates 
of decline of the birth rate in the two portions of the Algerian 
population with those found in other countries, just as in the 
preceding chapter the rates of decline of the death rates were 
similarly compared. To this end, Appendix Table 18 has been 
prepared which gives, from data compiled by Knibbs (131) 
(cf. Pearl (132) p. 164) the birth rates per 10,000 of the 
population for the years 1900-1913 inclusive, for the follow- 
ing countries: England and Wales, France, The Netherlands, 
Denmark. 

As the simplest and most intelligible method of making these 
comparisons between slopes of the birth rate lines, the data 
of each column of Appendix Table 18 have been fitted by the 
method of least squares with a straight line. The equations of 
these lines are as follows: 


Rnelandkands Waleser peri eaetacat ciate y = 297.40 — 4.14% (xxvi) 
NSRATICE peer sen. a Sciardo ix eee eee Wiener otk y = 221.10 — 2.44% (xxvii) 
Netherlands sesso sis anaemic y = 327.95 — 3.60x (xxviii) 
Denmark, <2 xe panier Wiehe y = 301.68 — 2.65x (xxix) 
Algeria, native population........... y = 306.68 — 1.65% (xxx) 
Algeria, European population........ y = 305.46 — 1.26% (xxxi) 


The fitted slope lines are shown graphically plotted on arith- 
log paper in Fig. 24. 
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YEAR 


countries, as indicated by the fitted straight lines. 


Proceeding as in Chapter IV we have for the relative 
indices the following: 
Slope index 
100 b/a 
neland:andeW alesmmmrnnrcyivsaveor tierce eee — 1.39 
TANCES. Stu Nexen meters tus oki Arete en ae raat —1.10 
NetherlandSicctay eerie: levee on cee eee — 1.10 
Denmark) ion cet, Cees oars 2 eek ere eee — 0.88 
Algeria: European population................. — 0.41 
Algeria: Mohammedan population............. — 0.54 
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Fic. 24. The trends of the birth rates per 10,000 population in various 


slope 


It is thus seen that the decline of the birth rate of the native 
population of Algeria has been slightly more rapid than has 
that of the European population in the same environ 


ment. 
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The birth rate of both moieties of the Algerian population 
has declined less rapidly than has that of any of the European 
countries compared. This slower rate of decline of the birth 
rate in this period is precisely what would be expected from 
the theory of the logistic curve, considering the position of each 
of the populations compared on their own logistic, and their 
death rates, as Yule has shown (see discussion in later portion 
of this chapter). It is of interest to note in passing that the 
birth rate in Holland, where birth control clinics are officially 
recognized, declined no more rapidly than did that of France, 
where birth control was opposed officially and by propaganda 
in this period, and less rapidly than did that of England and 
Wales. 

The decline of the birth rate in the absence of the practice 
of conscious contraception is well known in various primitive 
races. Thus Hadfield (112, p. 182) says of the natives of 
the Loyalty Islands: ‘“‘A marked feature of the present day 
is the serious fall in the birth rate in native families of every 
class. This is certainly not due to any Malthusian practice. It 
is, as has been intimated elsewhere, a source of grief and 
humiliation to the married couples. Twenty or thirty years 
ago one rarely met a childless wife, but now they are to be 
found in scores in every district of the island.” 

Smith and Dale (113) note the same thing among the Ila- 
speaking natives of Central Africa. They say (Vol. I, pp. 
15 and 16): “The natives who inhabit the country... 
number some sixty thousand, the female sex predominating in 
the proportion of three to two. When the advantages under 
which the Ba-Ila live — their numerous herds, the abundance 
of fish, the frequent windfalls of meat, and their productive 
soil—-when these advantages, comprising all an African 
desires, are remembered, it will be a matter for surprise that 
their numbers are so small, (p. 16).” “One reason, perhaps 
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the chief, is the unproductiveness caused by the astonishing 
promiscuity of their sexual relations and the extreme earliness 
of age at which these relations commence. It is no exaggera- 
tion to state that from the age of seven or eight a girl, married 
or otherwise, counts her lovers, who are constantly changing, 
not singly but by the score. The writers at the time of the 
first census of the people were amazed to find kraal after 
kraal inhabited solely by adults, and to receive time and again 
the same reply that there were no children, that, much as they 
wished for them, conception was a very difficult matter.” 

It seems doubtful if Smith and Dale’s explanation of the 
declining birth rate as due to excessive venery can be true in 
this case, for there is no reason to suppose that the habits of 
the people in this regard have undergone any recent secular 
change, and the change in the birth rate would seem to de- 
mand, on their theory, a change in habits. 

Another example of the same sort is to be found in Rivers’ 
(114) well-known study of the depopulation going on in 
Melanesia generally. 

‘The wide-spread prevalence of endemic syphilis of very 
mild clinical manifestations among the native population of 
Algeria will not help, I think, to solve the problem presented 
by Figs. 23 and 24. The reason is that, so far as I have 
been able to find, there has been no alteration in the situ- 
ation regarding syphilis in the last 25 years, and however 
much it may be thought to have to do with the absolute value 
of the native birth rate, it can scarcely be regarded as a causal 
factor to explain the same rate of decline of the native birth 
rate as that of the European birth rate during the 14 years 
under review. In fact, the high absolute value of the indige- 
nous native birth rate as compared with that of European 
countries indicates that the influence of syphilis upon the 
reproductive rate must have spent its force many years ago. 
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The close association between precocious marriage and low 
fertility was brought out in a convincing manner many years 
ago by Rouvier (144) in his statistical study of 1400 gyneco- 
logical cases in the Beirut Hospital. In the whole material 
there were 79 cases of very early marriage. These he divided 
into four groups. The first of these consisted of 11 women 
who were true nulliparae, that is had not only not borne any 
children, but had not even been pregnant. Five of these first 
menstruated at an average age of two years after marriage. 
The whole group of 11 averaged 29 years of age after 15 years 
of marriage. 

The second group consisted of 29 women each of whom 
had had term deliveries only, that is, no abortions or mis- 
carriages. Eight of these had their first menstruation 10 
months after marriage, and averaged 28 years of age after 
16 years of marriage. These 8 had borne 31 children, or an 
average of 3.9 each. Eight other women in this second group 
had married under 15 years of age (exact age at first menstru- 
ation unknown) and at the end of 14.5 years of married life 
had produced 21 children, an average of 2.6 each. The re- 
maining 13 in the group married after puberty, having first 
menstruated on average of 1.67 years before marriage. At the 
end of 13.5 years of married life they had borne 48 children, 
or 3.7 each. 

The third group included 32 women who had both term 
births and abortions. In 9 of these menstruation first began at 
1.25 years after marriage. At the end of 21 years there had 
been 51 pregnancies of which 21 resulted in abortion, leaving 
30 term births or 3.3 per mother. Seven women in the third 
group were married at about the time of puberty. After 21 
years of married life there had been 44 pregnancies, with 11 
abortions, leaving 33 term births or 4.7 per mother. Finally 
in this third group there were 18 women who had married at 


121 


THE BIOLOGY OF POPULATION GROWTH 


an average period one year after the onset of menstruation. 
At the end of 18 years there had been 111 pregnancies with 
33 abortions, leaving 78 term births or an average of 4.3 per 
mother. 

The fourth or final group included 7 women all married 
under the age of 14, and at the end of 12 years had had only 
11 pregnancies, all ending in abortion. 

Grouping the whole series together on the basis solely of 
time of marriage in relation to puberty gives the following 
results: 


Average per mother 


No. Average {Average duration] No. of | No. of of 
of time of of marriage preg- Awe |--a—SS 
cases| marriage to observation | nancies tions Pregnan- | Term 
cies | births 


23 | 20 months be- 
fore first men- 


struating.... 16 years 83 22 3.6 2.6 
16 | At puberty... 18 years 65 12 4.1 320 
40 | 18 months 

after first men- 

struation.... 17 years 168 42 4.2 Sallis 


Rouvier concluded that extremely early marriage diminished 
fertility and increased the frequency of subsequent abortions. 
The latter conclusion seems less definitely supported by the 
statistics here quoted than the former but is probably justified 
if we consider the whole group of 79 placed against normal 
women. He also showed that there was a marked increase in 
uterine disease. 

Holder (145) in his interesting discussion of the sex life of 
American Indians mentions (p. 44) excessive venery as one 
of the factors concerned in the production of abnormally low 
birth rates among these people. 

It is probable that early marriage and excessive venery are 

122 


BIRTH RATE OF THE POPULATION OF ALGERIA 


important factors in keeping the birth rate of the Mussulman 
portion of the Algerian population at the absolute level where 
it is, a level not greatly different from that of the European 
portion of the population. But, as has been pointed out above, 
these cannot reasonably be adduced as causes of the decline in 
the birth rate, because there is no reason to suppose that there 
is going on any change in the habits of the people in these 
respects in the direction which would be required to fit such 
a theory. 

The essential similarity of the two portions of the Algerian 
population in regard to fertility may be shown in another way. 


TABLE VII 


Livinc BirtHs PER 10,000 Women or Eacu SpecrFiep AGE. 
(TERRITOIRES DU NorpD — MEAN oF YEARS 1911-1913) 


Under | 20-24 | 25-29 | 30-39 | 40-49 | 50-59 |60 years} All 


Group 20 years] years | years | years | years | years Jandover| ages 
Mohammedan ... 299 | 1433 | 2153 | 1553 | 482 64 6 1041 
Puropeana as. 144 271 1623 | 2289 | 1389 | 251 11 4 862 


This Table VII, which gives the age specific fertility rate 
of women in the two principal racial groups of the population, 
is shown graphically in Fig. 25, for the ages from 20 on. 

From age 30 on the age specific natality rate is higher 
among the native women than among the French. It is lower 
in the age groups between 20 and 30, but nowhere are the 
differences very considerable. The alleged birth rates beyond 
age 50 are, of course, to be regarded with suspicion, although 
Bertherand (50) says that by Mussulman custom a woman is 
not officially presumed to be incapable of child-bearing until 
the age of 60 is passed. Davis (133, p. 22) states that in 
1921 in the United States Birth Registration Area 9 mothers 
were originally stated to belong in the age period “55 and 
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over,” but upon investigation to verify the statements no one 
of the 9 was found to be as old as 55. 

In order to check in some degree the Algerian specific fer- 
tility rates of Table VII I have calculated the corresponding 
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AGE 


Fic. 25. Age specific fertility rates of women from age 20 on in the 
Territoires du Nord of Algeria. Solid line — natives; dash line —- Europeans. 


figures for the states of (a) New York and (b) Utah, for the 
year 1920. Utah has a high birth rate, and has predominantly 
a rural population. New York contains the largest city in the 
country, and in general is farther away from pioneering con- 
ditions. It is impossible to get the rates for precisely the same 
age groupings as those of Table VII, but they are near enough 
to serve the present purpose. 
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TABLE VIII 


Livinc Brirtus PER 10,000 Women or Eacu SPECIFIED AGE. 
New YorkK STATE AND UTau, 1920 


It is evident that the age specific fertility rates, calculated 
per 10,000 of the total female population, show a closely 
similar distribution in the case of the population of Utah to 
what is shown in Table VII to be the case in the native 
Mohammedan population of Algeria. This fact is particularly 
well brought out if one plots the rates on a diagram like that 
shown in Fig. 25. This result is of interest as indicating that 
a considerable degree of reliance can be placed in the Algerian 
statistics. The New York rates are much lower, as would 
be expected, but still have a generically similar form of dis- 
tribution. 

Before going further it will be desirable to examine in 
résumé our progress to this point. It has been shown in what 
has preceded that populations of living things, from the 
simplest, represented by yeast, to the highest, represented by 
man, grow in accordance with the logistic curve. The native 
Algerian population discussed in Chapter III affords a crucial 
case. It is a human population which has virtually completed 
a cycle of growth according to the logistic curve within the 
period of recorded census history. One can now feel more 
certain that this curve is a first and tolerably close approxi- 
mation to a real Jaw of growth for human populations, than 
was possible when the completion of a cycle for a human 
population demanded extrapolation of the curve for many 
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years beyond the period of the observations, as in the cases 
of human population growth depicted in Chapter I. 

The problem which must now be attacked, and to the dis- 
cussion of which the remainder of the book will be devoted, 
is this: what are the factors which determine that the curve 
of population growth, the stretched-out S-shaped logistic curve, 
shall have the curious form that it does? Here lies the real 
problem. So far both our task and our accomplishment have 
equally been descriptive. It has been shown how populations 
of yeast, flies, and men grow, and that they all grow in essen- 
tially the same kind of way. But why do they grow in this 
particular and peculiar way rather than in some other? 

In general terms it is perfectly easy to answer this question. 
The form of the population growth curve, in the case of a 
population unaffected by migration, plainly must be deter- 
mined by the changes in the course primarily of the birth rates, 
and secondarily of the death rates, for ‘that population. In 
short it is the form of the birth and death rate curves which 
determines the form of the logistic curve for a population, 
and not vice versa. 

Yule (86) has dealt particularly with this point from its 
theoretical aspect, and Netusil (115), working recently in my 
laboratory, has discussed it briefly for the particular case of 
the population of Bohemia. Yule’s discussion of the theory of 
the matter is so important that I shall quote it in full. He says 
(pp. 37-38): “Suppose our population to have existed for a 
long time under one set of conditions — e.g., the conditions 
of an agricultural population— to have passed through its 
cycle and to have stabilized down, so as to have reached the 
age-distribution (the life-table age-distribution) determined 
by the given death-rates at ages. Now suppose it to be sud- 
denly jerked into a fresh cycle of growth, e.g., by the advent 
of industry, by passing through an ‘industrial revolution.’ 
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I suppose this occurrence to happen at the time — 4 on the 
new cycle; the populations, death-rates and birth-rates are 
calculated as before, and Fig. 26 shows the results. 

“The first consequence of the sudden fresh start in growth 
is to send up the death-rate very considerably above the life- 
table value (20.6), owing to the greatly increased numbers of 
infants and children at the younger ages, when mortality is 
high. As these increased numbers spread to the ages at which 
mortality is low, the death-rate rapidly drops until it reaches 
a minimum slightly under 15.5 between — 3.0 and — 2.8. 
As the increased numbers reach the more advanced ages 
there is a rapid rise to a temporary maximum of over 16.8 
at — 2.2, then a drop to a minimum again about — 1.9, after 
which the death-rate steadily and continuously rises. After 
the epoch — 0.5, in fact, the death-rates in the present case 
are sensibly identical, to the second place of decimals, with 
those found in the first case: the effects of the temporary shock 
due to the sudden transfer to the new cycle have died away. 

“The birth-rate curve shows the effects of the initial shock 
in a very similar way; it rises abruptly, and then falls with a 
marked wave, coincident with that in the death-rate, but settles 
down into the normal movement for the cycle before zero time, 
the centre of the cycle is reached. 

“This second case represents, of course, an impossible 
abruptness of transition from stability to the cyclical move- 
ment, but as a limiting case it is, I think, illuminating. The 
effect of the impossibly violent shock is merely to produce 
an initial oscillatory movement in the death-rate, which com- 
pletely expires in a period of 150 to 175 years in a population | 
increasing a little more rapidly than our own. The effect on 
the birth-rate is similar. Thereafter, the normal cyclical 
movement of the death-rate and the birth-rate is resumed. In 
fact, of course, the birth-rate might fail to react with the 
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rapidity suggested by Fig. 26, and the more probable conse- 
quence might be fluctuating divergences from the logistic. 

“Tt may be concluded that in any case the normal move- 
ment of the death-rate during the cycle is a rise through- 
out; ... but if the transition to the new cycle has been 
abrupt there may be irregularities — oscillatory movements — 
more or less like those shown by the lower curve of Fig. 26, 
but probably much less violent. But this normal cyclical rise 
in the death-rate would hardly in any practical case become 
conspicuous until after that point had been passed. The first 
is pretty much our own case, the second that of France: we 
are just beginning to appreciate the check to the fall in the 
death-rate due to changing age-distribution; France is feeling 
it heavily. 

“Similarly, the normal movement of the birth-rate is a 
fall throughout the cycle, very slow at first, then rapid, but 
the rate of fall slackening rapidly as the second half of the 
cycle is reached: abrupt transition to the cycle merely intro- 
duces more or less violent oscillations in the early stages. 

“The curves of these figures are ideal, calculated on the 
assumption that the death-rates at all ages are constant 
throughout the whole of the cycle. No country has in fact 
experienced so simple a state of affairs, for the death-rates at 
ages have in most countries been more or less rapidly falling 
— though by no means equally at all ages. The broad conse- 
quence of this fall would be to give the curves of Fig. 26 a 
downward tilt from left to right, making the birth-rate fall 
rapidly and the death-rate rise less rapidly, or even fall.” 

The theoretical case which Yule postulates in this discus- 
sion is essentially like that which we have observed in the 
indigenous native population of Algeria, as set forth in Chapter 
III. A population which presumably had for a long time been 
stable at its upper asymptote, was started off on a new logistic 
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cycle. And we have seen in the present chapter that in 14 
years towards the end of the cycle the birth rate, known to 
be essentially uninfluenced by the intentional practice of con- 
traceptive measures, has fallen just as Yule points out that it 
theoretically should. 
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Fic. 26. The course of the death rate (lower curve) in a logistic popula- 
tion in which the death rates at ages are constant, when the population, after 
having attained the stable state, is suddenly jerked onto the logistic at epoch 
—4. (From Yule.) 


Now while all these statistical relations hang very prettily 
together, the biologist is not satisfied to stop with this so beau- 
tiful concordance of theory and practice. It interests him to 
go further and try to find out why the birth rate falls. What 
are some of the underlying biological factors causing this? 

The remaining chapters of this book will be devoted to the 
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discussion of this problem, not with the thought of completely 
solving it, but rather with the view of putting upon the record 
some new and pertinent bits of evidence regarding it. This 
evidence will be helpful for future work upon the matter, even 
though it does not finally settle the question at this time. 
It also has a certain methodological significance, as indicating 
in a general way where, in my judgment, emphasis needs to be 
placed in future studies of the population problem if they are 
to be really penetrating and fruitful. 
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CHAPTER VI 


THE INFLUENCE OF DENSITY OF POPULA- 
ONS ON Ree Reber iy, 


I 


As a first point of attack upon the problem stated at the end 
of the last chapter it is desirable to return to the fruit fly 
Drosophila and consider the results of certain pertinent experi- 
ments carried out on that form in my laboratory. Just as in 
earlier chapters it will be found that the evidence got from an 
analytical study of the lower animal, capable of exact experi- 
mental control, gives useful suggestions and some light upon 
the problems presented by the more elusive, because uncon- 
trollable, human material. 

It has long been known that the degree of crowding of or- 
ganisms in a given space, or density of the population, has an 
influence upon various vital processes of the individuals com- 
posing the population. In the matter of growth of the indi- 
vidual animal Semper (116) long ago showed that volume of 
water apart from food and other conditions has an influence 
upon the rate. This subject has again been studied recently 
by Bilski (117). Farr (118, 119) maintained that there is 
in human populations under certain conditions a definite rela- 
tion between density of population and the death rate. This 
old work of Farr’s has recently been taken up again and con- 
firmed by Brownlee (120-122) for certain portions of the 
population of England and Wales. LeBlanc (125), working in 
my laboratory, has criticised incisively Farr’s original work on 
the matter, and has further shown that for the population of 
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the United States, whether rural or urban, Farr’s law does 
not hold. LeBlanc’s conclusion, however, is that this failure 
of the American population to die according to Farr’s law, does 
not in the least controvert or even really conflict with the 
results of experimental observations on lower organisms, where 
a definite and precise effect of density upon mortality has been 
demonstrated by Pearl and Parker (136, 137. Cf. also 138). 
The chief difficulty, as LeBlanc points out, is to get a biologi- 
cally significant measure of density in human populations. It 
is not clear that persons per square mile is such a measure 
under the conditions of modern urban civilization. Drzwina 
and Bohn (123, 124) show that a particular concentration of 
a toxic substance, just lethal for a single individual in a given 
volume of water (working with such organisms as infusoria, 
planarians, hydra, tadpoles, etc.), will be sub-lethal if several 
individuals are present in the same fixed volume of water. 
Without undertaking at this time any systematic review of 
the literature on this subject it is the purpose of this chapter 
to present some experimental and statistical data on the influ- 
ence of density of population upon a different biological func- 
tion than those mentioned above; namely that function which 
may be called the specific reproductive rate or fertility of mat- 
ings. This variable we define relative to the first of the experi- 
mental studies to be reported, as measured by the number of 
adults (imagoes) of Drosophila produced per mated female per 
day over a specified period of time. Interest in this problem 
arose originally from purely practical considerations in the rou- 
tine laboratory work. Anyone doing experimental work with 
Drosophila has constantly arising this situation: he wishes to 
start an experiment with a large number of flies of homo- 
geneous make-up as a group. What is the most expeditious 
way to get the desired numbers while still maintaining the 
requirement of homogeneity? Is it better to mate a consider- 
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able number of pairs in one bottle to furnish the desired 
progeny, and if so, how many pairs? Or is it better to mate 
up one or two pairs only in each of several bottles? Which 
plan will give the largest progeny group? Not being able to 
answer this practically important question satisfactorily, either 
by a priori reasoning or by perusal of the Drosophila literature, 
it was decided to test it experimentally. The results proved 
to have a considerably wider interest than that implied in the 
purely practical question. 


II 


Mass matings were made on March 21, 1921 of flies from 
our line 107, the characteristics of which have been described 
by Pearl and Parker (126). When the offspring from the 
matings emerged they were used to make up the matings of 
this experiment, according to the following plan. Half-pint 
milk bottles were used, and the food arrangements, etc., were 
according to the standard Drosophila technique of this labora- 
tory already described. The composition of the matings was 
as follows: 


Mated pairs in Mated pairs in 
Series 2 ae each bottle at Series 2 ee: each bottle at 
start start 

1 4 1 9 4 9 
2 4 2 10 3 10 
3 4 3 11 3 12 
4 4 4 12 5 15 
5 4 5 13 3 20 
6 4 6 14 1 25 
7 4 Ui 15 3 30 
8 4 8 16 2 50 


These bottles were put into an electric incubator kept at a 
constant temperature of 25° C. At the end of 8 days the 
parent flies still surviving were transferred to fresh half-pint 
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bottles and allowed to continue breeding for a second period of 
8 days. 

All the progeny flies as they emerged as adults (imagoes) 
from the two series of bottles were counted and recorded as to 
sex. No account was kept of larvae or pupae. We are dealing 
here with net reproductive capacity, just as in certain of our 
poultry work (Pearl 127). Food and temperature conditions 
were constant for all bottles throughout the experiment. The 
only significant variable between the several series was the 
density of population. There occurred various accidents to 
some of the bottles in the course of the experiment. Some of 
the mated flies died; food occasionally rose in the bottles and 
killed a few individuals, etc. In reducing the results to a per 
female day basis allowance has been made for these accidents, 
and the final results set forth below represent the outcome for 
normal mated flies living under normal laboratory conditions. 

Inasmuch as only 16 days’ progeny was counted the results 
cannot be directly stated in terms of total reproductive capac- 
ity. Instead they have been tabulated as the rate of repro- 
duction per female day over a 16 day period after emergence. 
It is quite certain, however, that the absolute number of off- 
spring per female in the first 16 days of life is highly corre- 
lated with the unknown total reproductive capacity. This 
seems sure from many observations on Drosophila and from 
analogous observations on fecundity and fertility in the 
domestic fowl. 


III 


The results of the experiments are exhibited in Table IX, 
and graphically in Fig. 27. The table contains the follow- 
ing data: (a) the numbers of mated pairs per bottle at the 
start. The numbers of mated flies per bottle were therefore 
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twice these figures at the start; (b) the mean population of 
mated flies over the whole period of 16 days. If no accidents 
had occurred these figures would have been 2, 4, 6, 8, 10, 
12, 14, 16, etc. But accidents and deaths did occur. The 
figures set down represent the actual average number of flies 
present in each bottle over the period of the experiments, 
taken as a whole. (c) The mean number of flies per cubic 
centimeter of free air space in the bottle. Since all the bottles 
were by careful measurement of the food made to contain the 
same volume of free air space (130 c.c.) it follows that the 
entries in this column are simply a constant (1/130) times 
the entries in the preceding column. They are inserted merely 
to show what the actual density in these experiments was. 
(d) The mean number of flies per square centimeter of 
banana-agar, growing yeast on its surface, in each bottle. The 
same remarks apply to this as to the cubic density figure. It 
corresponds formally to the density of population figures of 
persons per acre or per square mile used in human vital sta- 
tistics. The food area per bottle was 23.76 square centimeters. 
(e) The total female days, meaning the number got by adding 
together for all females the number of days that each was in 
the experiment. Thus if a female lived throughout the experi- 
ment she contributed 16 female days (1 X 16) to the total; 
if she lived 7 days she contributed 7 female days (1 X 7) 
and so on. (f) Total absolute number of adults (imagoes) 
produced in 16 days. These absolute figures vary of course 
with the accidental circumstances affecting the mated popu- 
lation. (g) The observed rate of reproduction, given as num- 
ber of offspring adults (imagoes) per mated female per day. 
(h) The theoretical rate of reproduction (number of imagoes 
per mated female per day) as calculated from equation (xxxii) 
below. 
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TABLE IX 


EXPERIMENTAL DATA ON THE INFLUENCE OF DENSITY OF POPULATION ON 
RATE OF REPRODUCTION 


Pairs | Mean Mean Mean Imagoes y 
: ; Total 
per | popula- flies flies Total imagoes per Fao 
bottle} tion per per cm? female ‘ ated i : 
quation 
at | average | cm*of | of food days female ss 
16 days (xxxii) 
start | 16 days | space area per day 
1 2.00 .015 084 63 1348 21.4 Dita 
2 3.40 .026 . 143 89 1124 12.6 14.5 
3 5.50 042 Ril 7Sno 1877 10.8 10.2 
4 Uso? .056 . 308 232 2100 9.1 8.1 
) 9.29 071 391 267 1585 5.9 6.7 
6 10.29 .079 433 298.5 2034 6.8 0.2 
a Ty Sh 089 484 Sino 1951 Do! 5.6 
8 14.48 Polulel . 609 436.5 1996 4.6 4.6 
9 16.62 nls 700 519 2117 4.1 4.0 
10 18.74 144 789 275 855 Sol 3.6 
12 21.70 .167 913 504 1746 Sew Sil 
15 26.02 . 200 1.095 609.5 1389 Des Mes} 
20 34.02 262 1.432 754 1666 Dee 1.8 
25 47.75 .367 2.010 384 388 1.0 11 
30 47.73 .367 2.009 1069.5 1272 dee, TA 
50 90.66 697 3.816 1446.5 474 288) 34 


It is at once apparent from this table that there is a pro- 
found and regular change in the rate of reproduction of 
Drosophila, under the conditions of these experiments, with 
increasing density of population. The rate of reproduction per 
mated female per day declines as density of population in- 
creases, at first extremely rapidly and then more and more 
slowly at higher densities. The total number of progeny 
flies (23,922) is great enough to give confidence in the results. 

A better appreciation may be obtained of the nature and 
regularity of this change if we put the results in graphic form. 
This is done in Fig. 27. 
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PROGENY PER 2 DAY 


70 20 30 40 50 60 70 60 90 
MEAN FLIES PER BOTTLE 


Fic. 27. Showing changes in rate of reproduction of Drosophila with 
increasing density of the mated population. The circles give the observations 
and the smooth curve is the graph of the logarithmic equation discussed in 
the text. 


The smooth curve passing through the circles is the graph 
of equation (xxxii) fitted to the observations by the method of 
least squares. In this equation y denotes imagoes per mated 
female per day, and x denotes mean density of the mated 
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population (measured as flies per bottle) over the whole 16 
day period. 


y= 34.53 e70182 y—.658 (xxxii) 
Or, in logarithmic form, 
log y = 1.54 — .008 « — .658 log x (xxxiii) 


It is at once apparent that this equation describes the ob- 
served facts with extraordinary precision. Rarely, even in 
a physical or chemical experiment, does one get such close 
agreement as is here shown between observation and theory. 
Plainly the curve is the expression of the law relating these 
two phenomena, rate of reproduction and density of population. 

It is of interest to note that this equation is essentially 
identical in form with Farr’s law relating death rate to popu- 
lation. Farr’s original equation was the following, put in 
logarithmic form: 

log D = loga +k logd (xxxiv) 
where D denotes death rate and d density of population and 
a and & are constants. Brownlee has slightly modified the 
constants but the essential form remains the same. Now in 
equation (xxxiii) the term in x is obviously of no practical im- 
portance, and could be left out entirely without greatly affect- 
ing the fit. It was only put in in a spirit of meticulous curve- 
fitting accuracy. With this term out, equation (xxxiii) be- 
comes in form identical with Farr’s (xxxiv) except that we 
have shifted the origin. The only essential difference is that 
in his case death rate is shown to vary directly with density 
of population, while in the present case rate of reproduction 
varies inversely with density, but according to the same law. 
Death and reproduction are both fundamental and antithetical 
biological phenomena. | 

What we know about the matter suggests that density of 
population has a profound effect upon many if not all general 
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and fundamental biological processes. Brownlee points out 
that the same law holds in racing for the relationship between 
the record time for any definite length of course and the length 
itself, and for other biological and biochemical phenomena. 
Bilski (loc. cit.) uses essentially the same equation to describe 
the influence of density of population on growth in tadpoles. 
Certainly the subject deserves further study. Possibly the 
present results offer a clue to a part at least of the solution of 
the problem of the nearly world-wide decline in the birth-rate 
which has been going on for a long time. One must be cau- 
tious, however, in applying unreservedly biological results 
obtained under relatively simple conditions, to human popula- 
tions living in an extremely complicated environment, social, 
economic, and political, as well as physical and biological. 
We shall return to this point later on. 


IV 


How can the effect of density upon the rate of reproduction 
of Drosophila be explained? The extreme closeness of the 
observations to the theoretical curve indicates clearly that we 
are dealing here with no haphazard performance, but with a 
highly lawful phenomenon. ‘The first point that occurs to 
one is that since we are dealing with adult flies (imagoes) only, 
the result may perhaps be explained by larval and pupal 
elimination due to overcrowding of the population in those 
stages. In the bottles say with 20 females there were laid, on 
this view, something like 20 times as many eggs as in the 
bottle containing one female, these eggs developed into 20 
times as many larvae, there was not room or food for so many 
larvae, therefore many of them were selectively eliminated, 
and the number of survivors which got through to the imago 
stage indicated only a low reproduction rate, which repre- 
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sented, however, really only the capacity of 80 c.c. of banana- 
agar or 23.76 cm.’ of food surface to nourish larvae, and 
nothing else. 

Plausible as this hypothesis is—-the more so because it 
would at once indicate why our rate of reproduction variable 
follows Farr’s law, since it would then really mean Farr’s 
law applying to the larvae—it cannot possibly account for 
the facts. To demonstrate this we have only to examine with 
some care the absolute figures given in the fifth column of 
Table IX. In the first place let it be recalled that the greatest 
drop in rate of reproduction (imagoes per female per day) 
occurs as we pass from a mean density of 2 flies per bottle to 
one of 3.4 flies per bottle (1 and 2 pairs originally). The 
next greatest drop in the rate is from the bottles of density 
3.40 to those of density 5.50. Now at all these low densities 
one in fact cannot possibly speak of larval crowding at all. 
This anyone knows who has experimentally bred Drosophila. 
A half-pint bottle with 80 c.c. of banana-agar will support 
many more than all the larvae one or two or three females 
will produce in 8 days. This is indicated by the absolute 
figures in the fifth column of Table IX. The bottles contain- 
ing 9 mated pairs at the start produced 2117 offspring imagoes. 
Therefore the food was sufficient to allow at least that many 
larvae to come through successfully. But in the bottles with 
one, two, or three mated females the absolute number of 
larvae was much less than this. Now the drop from the one 
pair to the two pair bottles in rate of reproduction was 8.8. 
To prove that this cannot be explained by larval crowding 
and elimination we have only to multiply 21.4, the rate per 
female day in the one pair bottles, by 89, the number of 
female days in the two pair bottles. This will give the number 
of imagoes which would have been produced in the two pair 
bottles had the reproductive rate of the one pair bottles held 
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there. The result is 1904.6. But this is 200 or more less 
than the absolute number produced in various other bottles. 
Therefore the drop in the rate from the one pair to the two 
pair bottles cannot be explained on the supposition of larval 
crowding and elimination. Possibly this factor comes into 
play in the higher densities, though there is no evidence as yet 
that such is the fact. 


Vv 


That density of population influences fecundity in the same 
sense that it is here shown to affect the rate of reproduction 
was demonstrated with fowls more than a decade ago (128). 
In the course of the investigations on egg production in the 
domestic fowl carried out at the Maine Agricultural Experi- 
ment Station a long-continued and elaborate series of experi- 
ments on the relation of crowding to fecundity were made. 
The birds in the experiment were handled in flocks of 50, 
100, and 150 each. The pens in which they were kept were 
so constructed that in the flocks of 50 and 100 birds each 
there was an allotment of 4.8 square feet of floor space per 
bird, while in the flocks of 150 birds there was an allotment of 
3.2 square feet of floor space per bird. The data accumulated 
in this experiment obviously furnish evidence, then, on two 
different questions. In the first place, we have data on the 
influence of the number of birds associated together in one 
pen on the egg production when the floor space per bird is the 
same. Evidence of this sort one can, of course, get by com- 
paring the egg records for 50-bird pens and 100-bird pens. 
In addition there are data on the further question of the 
influence of amount of floor space per se on the egg production 
when one brings into the comparison the 150-bird pens. 

In conducting this experiment on the influence of floor space 
on egg production great care was exercised to make constant 
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all conditions other than housing. The birds used in the 
experiment were all of the same breed (Barred Plymouth 
Rock) and furthermore were of substantially similar breeding 
within the strain. They were in every case birds bred from 
mothers laying between 160 and 199 eggs in a year, and from 
fathers whose mothers and earlier ancestors in the female 
line were birds laying 200 or more eggs in the first laying 
year. Furthermore, in sorting the birds into the various pens 
in the fall of each year over which the experiments continued 
great care was taken to make a pro rata distribution of the 
pullets of different qualities into the different pens. Thus, 
for example, the pullets on the range would be examined and 
the very best of them selected, then this selected group would 
be allocated in the proper proportions to the different pens 
in the experiment. The 100-bird pens would receive twice as 
many of this class of birds as did the 50-bird pens and the 
150-bird pens three times as many. Then the second choice 
would be made of the pullets on the range, and these again 
divided among the houses in the same proportional manner. 
This procedure assured as even a distribution of birds in the 
several components of the experiment as probably could in any 
way be obtained. 

Let us examine the influence of the factors size of flock and 
amount of floor space per bird on the mean or average annual 
egg production per bird. The data on this matter are pre- 
sented in Table X. In addition to the actual means of the 
different pens for each year there is also given in the last 
column of this table the excess in the number of eggs pro- 
duced per bird in the 50-bird pens over that in the 150-bird 
pens. The data in Table X are shown graphically in Fig. 28. 

It is obvious that the mean annual egg production is mark- 
edly affected by differences in the environmental factors with 
which we are here dealing. In each year there is a decided 
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TABLE X 


RELATION OF SIZE OF FLocK AND FLoor SPACE TO MEAN ANNUAL 
Ecc PRODUCTION 


Mean annual egg production Excess of $0 
over 150-bird 
50-bird pens 100-bird pens 150-bird pens 


134.60 +1.98 | 133.61+3.47 | 114.54+3.02 | 20.06+3.61 
140.31 41.81 | 127.504 2.03 | 119.4341.54 | 20.88 + 2.38 
114.16 + 1.74 | 108.53+1.92 | 101.08+1.64 | 13.08 + 2.39 


129.69 IPAS AAU 111.68 18.01 


difference in the average production of the different pens. 
Further, it is clear that the general trend of the annual aver- 
ages is downward as the number of birds in the pen increases. 
In every instance the mean for the 100-bird pens is smaller 
than that for the 50-bird pens of the same year, and the mean 
for the 150-bird pens is again smaller in every case than is that 
for the 100-bird pens. 

The decrease in the mean annual production as we pass 
from the 50-bird pens to the 100-bird pens is, in round num- 
bers, taking the average figures for the whole three years, 
about 6 eggs. The difference between these two populations 
is not altogether regular from year to year. In the year 1904-5 
it is so small as to be insignificant in comparison with its 
probable error. In 1905-6 the difference is relatively large, 
amounting to approximately a dozen eggs. In 1906-7 it is 
about the average, namely 6 eggs. These results, it will be 
observed, are perfectly consistent in their general trend 
throughout the whole course of the experiment, and there 
appears to be but one conclusion possible. That conclusion 
is that with the general plan of feeding and housing followed 
in the experiment, even though the amount of floor space per 
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er 


individual bird remains the same, the average egg production 
per bird in a year’s laying is distinctly and significantly 
smaller when the birds are in flocks of 100 than it is when 
they are in flocks of 50 birds each. The larger the crowd the 
smaller the egg production, even though the number of birds 
per unit area, or the unit area per bird, is the same in both 
crowds. 


/40 


MEAN EGE PRODUCTION 
NM 
is) 


100 


50 1/00 150 
BIRD PENS BIRD PENS BIRD PENS 


Fic. 28. Mean annual production with different amounts of floor space 

per bird. 

The differences between the averages for 100-bird pens and 
150-bird pens are, on the whole, distinctly larger than those 
between the 50-bird and the 100-bird pens. Taking average 
figures, the mean annual production is approximately a dozen 
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eggs smaller in the 150-bird pens than it is in the 100-bird 
pens. As in the other case the absolute amount of the de- 
crease varies in different years, although the general trend is 
entirely consistent throughout the course of the experiment. 
From these results it seems reasonable to conclude that under 
the conditions of the experiment, when we have the combined 
influence of an increase of number of birds in the flock to- 
gether with a decrease in the amount of floor space per bird, 
there is a notable decrease in the average annual egg produc- 
tion. 

If we consider the maximum difference due to the influence 
of different amounts of floor space and flock size, as shown 
between 50- and 150-bird pens, it is seen to be large in amount 
and relatively constant in different years. In round numbers, 
the birds in the 50-bird pens averaged to lay a dozen and a 
half eggs more per bird per year than did those in the 150-bird 
pens. : 

The experiments seem rather clearly to indicate that with 
fowls there is another element apparently involved in the case 
besides mere physical density of population, which element in 
our ignorance we may perhaps tentatively call psychological. 
Apparently there is an effect upon the physiological processes 
of reproduction resulting from the keeping of large numbers 
of individuals together in a confined area or space, even 
though the amount of space or area per individual is identi- 
cally the same in the larger crowds of individuals as in the 
small crowds. 

In general there can be no question that this whole matter 
of influence of density of population, in all senses, upon 
biological phenomena, deserves a great deal more investigation 
than it has had. The indications all are that it is one of the 
most significant elements in the biological, as distinguished 
from the physical, environment of organisms. 
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What now of human populations? Does a relation of the 
same sort that has been shown to hold for Drosophila and the 
domestic fowl manifest itself between density of population 
and birth rate amongst human beings? This is a much more 
difficult problem to solve than those just dealt with. In the 
first place the experimental method of attack is excluded in 
the nature of the case. We cannot set up a series of controlled 
universes aS we can with flies and hens. This throws the 
method of attack upon the problem over into the statistical 
realm. The statistical method is rarely ever as satisfactory as 
the experimental, for a variety of reasons, of which one of the 
important practical ones is that it is usually found that just 
the precise statistics needed to give a fairly crucial picture 
of the situation of interest have never been collected, and 
therefore are not of record. 

Furthermore, in the present case, the problem is made more 
difficult by a considerable uncertainty as to what is a biologic- 
ally significant measure of density in the case of human popu- 
lations. In the case of the flies and the hens the area or 
volume, or both, of the container have an obvious and simple 
relation to the amount of food available to the population and 
to the amount of energy which the individuals composing the 
population must spend in food getting. But in an urban 
population of human beings “ persons per acre ” has no such 
direct and simple relation to the biological fundamentals of 
living. Higher density, as so defined, may in a human popula- 
tion well bespeak greater ease, not difficulty, in getting an 
adequate food supply, by virtue of the operation of certain 
simple and fundamental economic factors in distribution. 
Persons in the most densely crowded parts of cities can get an 
adequate supply of vitamines from green vegetables during the 
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winter months, for example, much more easily and cheaply 
than can the rural dweller. The jobber can profitably ship 
spinach in January from the southern states to large cities, 
because the aggregate distribution will permit large lot ship- 
ments, but he cannot possibly afford to send this product to 
the small rural villages of Maine or New Hampshire at that 
season. The price would necessarily have to be so high that 
no one would buy. 

LeBlanc (125) in his study of the relation of mortality to 
density says (p. 555): “ Human beings, with the exception 
of those confined in prisons and like institutions, are never 
subjected to the continual pressure of population density that 
may be obtained in an experiment. An individual may be 
housed at night under conditions of excessive crowding, while 
two thirds of his time is spent in an outdoor occupation, with 
no crowding. Conversely an individual living in the sparsely 
settled suburbs with plenty of living space at his disposal, 
may be exposed to markedly congested conditions during the 
day. The development of present day urban life has reached 
a stage where scores of families live on a single plot of ground, 
and yet one family is scarcely conscious of the presence of 
the others. As long as the conditions of population do 
not make themselves apparent to the individuals involved, 
it is not probable that they affect the biology of those indi- 
viduals.” 

It is probable, I think, that the appropriate conclusion 
to be drawn from such considerations as those just adduced is 
not that density of population does not affect biological proc- 
esses in human beings, but rather that persons per square 
mile or per acre is not biologically so significant a measure 
in the case of human beings as the equivalent constant is for 
lower animals under experimental conditions. It will be 
worth while to see, even with the imperfect tools available, 
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what can be learned about the relation of human birth rates 
to density of population. 

To this end the investigation now to be reported has been 
carried out. The method used has been that of partial corre- 
lation. The reader not familiar with this development of 
biometric technique should consult the accounts of it in Yule 
(147) or Pearl (132). Here it must suffice to say that if 


_ Sty) 


Ganesan (xxxv) 


ey 


be taken to express the correlation of zero-order between two 
variables X and Y, having deviations from their respective 
means of x and y, with standard deviations oz and oy, then 
the higher order correlations involving 1, 2, 3... addi- 
tional variables will be given by the expression. 


_ 110.84. + + + + (n—1) — Tin34--... (n—1)'72n.34+ + + + (n—1) 


Vibe is oleae = XXXVI 
ge Me (1 _ 7" 1n.34 & oto (n—1))?2(1 man Ton 340 an Geb)? ( ) 


What the constant 71.54; Measures is the met correlation 
between the two variables designated by the subscripts 1 and 
2 respectively, when the three other variables designated re- 
spectively by the subscripts 3, 4 and 5, are held constant, and 
any effect from them upon the variation of 1 and 2 therefore 
eliminated. 

In the present study interest centers upon the vet correlation 
which exists between birth rate on the one hand, and density 
of population, as measured by persons per acre, on the other 
hand, after the influence of certain other factors has been 
eliminated. These other variables which it seems most im- 
portant to hold constant, for reasons which will appear as we 
proceed, and the subscript notation for all variables studied 
are as follows: 

B= Births per 1000 married women, 15-44 years of age. 

A = Persons per acre. 
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P = Total population. 

W = Per capita wealth of the population. 

S = Per cent of population aged 18-20 attending school. 

D = Persons per dwelling. 

The following statements will show the precise limitations in 
space, time, and content of the statistical data used, and 
also the sources from which they were taken. Since all the 
original data are matters of record in official United States pub- 
lic documents it seems unnecessary to go to the expense of print- 
ing in this book the zero-order correlation tables used in this 
study. In correlating birth rate with density all cities in the 
United States Birth Registration Area with a population of 
25,000 or over by the 1920 Census for which data for all 
factors were available were used, except that cities having 
10 per cent or more of their population colored were excluded. 
This was done to remove the influence on the correlation of the 
most important item of racial heterogeneity in the United 
States. The number of married women of 15-44 years was 
taken for each city from Tables 16 and 17 (pp. 463-572) of 
Chap. IV, Vol. II of the 14th Census, 1920. Births for 1920 
are from Table I (pp. 48-57) of Birth Statistics, 1920. 
Births per 1000 married women aged 15-44 were calculated 
from these data. There are thus two small sources of error 
in the rates, neither of which is of practical importance: 
(1) number of married women is that enumerated at the 
beginning of the calendar year, (2) births include both legiti- 
mate and illegitimate. However illegitimate births form only 
2.1 per cent of total births in all cities of the registration area, 
and will be still less important when cities with large colored 
populations are excluded. Population and persons to a dwell- 
ing for each city were taken from Tables 3 and 4 (pp. 1268- 
1270) of Chap. XIV, Vol. II of the 14th Census. 

The per capita wealth of the various cities is the estimated 
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true value of the per capita assessment subject to the general 
property tax from Table 30 (pp. 318-351) of Financial Statis- 
tics of Cities, 1919. This involves omitting some cities under 
30,000 in 1919 but over 30,000 in 1920. However it seems to 
be the least of evils between which there is opportunity for 
choice. 

Per cent of persons 18 to 20 years of age attending school is 
from Table XII, Appendix B, School Attendance in the 
United States, 1920 Census Monograph V. 

Persons per acre was obtained by dividing populations 
estimated as of middle of fiscal year by land area (acres), 
both from Table 1, Financial Statistics of Cities, 1919. 


VII 


We may turn now to a consideration of the results. There 
was found first the gross, zero-order correlation between birth 
rate per 1000 married women 15-44 years of age, and persons 
per acre in the 132 cities included in the study. The list of 
cities, and the value of each of the variables for each city, are 
given in Appendix Table 19. 

The zero-order gross correlation between birth rate and 
density is 

Tz4 = — .037 + .059 (xxxvii) 


Obviously this coefficient depicts an absence of significant 
correlation between these two variables in their raw state. 
The coefficient departs from zero in the negative direction by 
an amount less than its probable error. 

But the influence of other factors correlated with birth rate, 
or with density, or with both, may be masking in this gross 
zero-order coefficient a real organic correlation between the 
two variables. Thus it occurs to one at once that a correction 
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should be made for absolute size of total population of the 
cities, for two reasons. The first is that there is an element of 
so-called ‘spurious ” correlation in the coefficient 7,, because 
both B and A are ratios involving, in part, common factors. 
Thus 

1000 Births 


= Number of married women aged 15-44 Covi) 
in the total population 
and 
Total population foe 


~ Acres of land area 


Furthermore there is a sensible correlation between size of 
city as measured by total population and at least one of the 
two variables Band A. The correlations are: 


rer a 

The first of these is insignificant, but the second is by no 
means so. The larger the total population in these cities the 
higher the density (persons per acre). 

So then the next step is to determine by the application of 
equation (xxxvi) the net correlation between birth rate and 
density as defined, when the total population is held constant 
and its influence on the results thereby eliminated. Doing this 
we get: 

Ypa-p = —.025 + .059 (xli) 


This result, which is sensibly equal to zero, indicates that 
variation in total population of these cities has very little 
effect upon this correlation between birth rate and density of 
population. But there are other variables which may play 
a more important réle in the matter. For example it is known 
(see next chapter) that birth rate and per capita wealth of a 
population are negatively correlated to a sensible degree. 
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What will be the effect of this factor upon the correlation 
between birth rate and density? It is difficult to get really 
accurate and significant data on per capita wealth. About the 
best one can hope to do is to get some figure which will serve 
fairly as an index of the unknown true per capita wealth. 
In this study there has been taken as such an index the esti- 
mated true value of the real property subject to general prop- 
erty assessment. The following zero-order correlations are 
found: 


’ Bw 
Taw 


— .381 + a (xii) 


—.061 + .059 

The first of these is significant, the coefficient being more 
than 7 times the probable error. In this group of cities the 
greater the per capita wealth as here defined, the lower the 
birth rate. Somewhat unexpectedly there is found to be no 
significant correlation between density of population (number 
of persons per acre) and per capita wealth. The explanation 
is probably to be found in a certain balancing of economic 
factors in the case. While the working people in an industrial 
city tend to make for high density and low per capita wealth 
as here measured, they also, on the other hand, tend to make 
it possible for there to be resident in the same population a 
considerable number at least of persons of high per capita 
wealth and plenty of land area surrounding their dwellings. 
The two tendencies seem to balance each other rather effec- 
tively in the correlation. 

The first order correlation of birth rate and density, with per 
capita wealth constant is 


Tea.w = —.065 + .058 (xliii) 


and if we pass to the second order coefficient holding both 
population and per capita wealth constant we get 


’BA-PW = —.075 + .058. (xliv) 
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This result begins to look encouraging. It indicates that 
taken together total population and per capita wealth did have 
a small influence in masking the correlation between birth rate 
and density. 

A factor which on general grounds one would expect to have 
an important influence on human birth rates is the general 
intelligence of the population. Evidence will be presented in 
later chapters showing the importance of psychological factors 
in relation to sex habits. General experience indicates that in 
the less intelligent strata of human society less forethought 
is exercised in regard to the having of children than among 
the more intelligent. Clearly there is need to introduce into 
the partial correlation nexus which we are developing some 
variable which will be in some degree indicative of the general 
level of intelligence of the population. After some thought the 
percentage of children aged 18-20 attending school has been 
chosen for such an index. It is obviously not a perfect meas- 
ure of the thing we are trying to get at. But no perfect 
measure is available in official statistics. The percentage of 
children 18-20 attending school is in some sense a statistical 
ratio opposite in its implications to percentage of illiteracy. 
The age group 18-20 is above the age of compulsory 
school attendance and will therefore indicate the extent to 
which the people of a given city desire, in the aggregate, 
to give their children something more than the minimum 
of required education. The children at these ages will 
be in high schools, technical schools, or colleges and uni- 
versities. 

The zero-order correlation between birth rate and this school 
attendance 18-20 variable shows at once that the reasoning 
just stated was substantially correct. We find 


ps = —.351 + .051 (xlv) 
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Also there is a sensible correlation between this variable and 
density, the value being 


ras = —.229 + .056 (xlvi) 


What these coefficients mean is that the greater the per- 
centage of school attendance between 18 and 20, the lower the 
birth rate, and the lower the density (persons per acre) in 
this group of cities. This is precisely the result which would 
be expected on general grounds. 

Putting this variable S into the net correlation scheme leads 
to the following value: 


TBA-PWS = —.131 + .058 (xlvii) 


This coefficient means that when total population, per capita 
wealth, and percentage of advanced school attendance are all 
held constant together, the net correlation between birth rate 
and density as measured by persons per acre is negative in 
direction (i.e., the greater the density the lower the birth rate) 
and in magnitude is now more than twice its probable error. 
It becomes increasingly evident that the original supposition 
was true that the insignificantly small zero-order coefficient 
between birth rate and density in these 132 cities was the 
result of a masking of the true correlation through the influence 
of other variables. 

It has been suggested that housing density (persons per 
dwelling) is biologically a more significant measure of density 
in human populations than is persons per acre of the total 
area of the city. It will presently appear that this supposition 
is probably, indeed almost certainly, not true. But it is desir- 
able to determine just what will be the effect of holding this 
variable constant in the partial correlation nexus. Doing this 
we find. 


TBA-PWSD = —.175 Se .057 (xlviii) 
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It thus appears that if total population, per capita wealth, 
percentage of school attendance 18-20, and persons per house 
are made constant for these 132 cities, the net correlation 
existing between birth rate and density of population is nega- 
tive in sign and slightly more than 3 times its probable error. 
This result indicates that in these urban human populations 
the real net correlation between birth rate and density is of the 
same character fundamentally as that we have found in experi- 
mental populations of fues and hens. As perhaps might reason- 
ably be expected the influence of density upon birth rate seems 
to be less marked in human populations than in those of lower 
animals. This I take to be merely an expression of the fact 
that human life is in many ways far more complex than that 
of lower animals. 

There is a curious paradox which has come to light in this 
partial correlation study. Suppose that instead of taking per- 
sons per acre as the measure of density to correlate as the 
primary variable with birth rate, persons per dwelling be used 
in this position. The resulting fourth order correlation co- 
efficient is 

Ypp-pwsa = +.456 + .046 (xlix) 


This result would seem on its face to indicate a totally 
opposite relation of density and birth rate to that found in the 
experiments on lower animals, and in human populations when 
persons per acre is used. But I believe that this would be 
an incorrect inference. There was in 1919 and 1920 generally 
a housing shortage in the cities with which we are here deal- 
ing and a slackening in new building operations because of 
high prices. A careful study of all the data indicates that, 
in those years at least, birth rate was having a direct positive 
effect upon housing density, in the following sense. Given a 
limited number of houses in a city, all in the nature of the 
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case, that is in the nature of houses, inexpansible; then add 
to the population by births. The result is bound to be that 
as the birth rate varies in the positive direction, the number 
and the size of dwellings remaining much more nearly con- 
stant, the ratio of persons per house will increase, that is vary 
in the positive direction also. This will lead at once to a 
positive correlation between birth rate and housing density, 
as a result not of the effect of housing density upon rate of 
reproduction, but as a mere mechanical consequence of putting 
more new babies into a lot of containers comparatively inflex- 
ible in respect of both number and size. The study of this 
somewhat paradoxical situation has convinced me that housing 
density can be regarded as a biologically significant measure 
of human population density under such conditions as obtain 
in American urban communities, only when there is available 
to the whole population a surplus of dwelling houses, so that 
any family wanting to live in one by itself will have both the 
physical and the economic possibility of doing so. Even then 
it is doubtful if persons per dwelling would be really as sig- 
nificant a measure of population density as is the “ persons 
per acre ”’ constant. 

The conclusion that human fertility is negatively correlated 
with density of population was reached many years ago by 
Brownell (150) from a study of the statistics of the several 
states. This work was done in the days before the modern 
theory of correlation was known to any but a few economic 
and social statisticians, and Miss Brownell’s technique would 
be regarded now as crude, but the general conclusion appears 
to have been correct. 

In this connection the discussion of the subject by Weber 
(151) in the pre-correlational period may still be read with 
some profit, though it is in no way conclusive. 
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VIII 


The bearing of the results set forth in this chapter on the 
general problem of the causes lying back of the logistic curve 
is evident. As any population confined within definite spatial 
limit goes up on the logistic curve its density automatically 
becomes greater and greater. But if, as the evidence indicates, 
increasing density has associated with it the biological effect 
of a reduction in the rate of reproduction of the population 
exhibiting it, then obviously there is in this relationship a 
factor which may act as a vera causa in damping the time 
rate of growth in the upper half of the logistic curve. It 
would appear not to be the sole cause of this slowing off of 
the growth as the upper limit is approached, for the data of 
Chapter II show that there is no fixed or absolute relation, 
even under experimental conditions, between absolute density 
and the progress of the logistic. The whole subject obviously 
wants more investigation, but the definite evidence brought 
forward in this chapter of an association between the density 
of a population and its rate of reproduction is significant, and 
suggestive of new lines of research for the future. 


157 


CHAPTER VII 


THE DIFFERENTIAL BIRTH RATE AND THE 
POPULATION PROBLEM’ 


I 


EVERYONE who has thought seriously of the social implications 
of either the eugenics or the birth control movements has 
been puzzled and disturbed by the phenomenon of differential 
birth rates. If he has thought at all correctly about the matter 
he has perceived that in this phenomenon lies perhaps one of 
the greatest existing obstacles blocking the way to the fairly 
speedy attainment of at least some part of that earthly millen- 
ium which both these modern gospels so glowingly depict. 
The “ wrong ” kind of people have too many children, and the 
“right ” kind too few. It almost seems as though some per- 
verse demon possessed human kind, and made poor mortal 
fools do exactly the opposite of what a really enlightened self 
interest would indicate to be the right thing. 

Thus recent figures on the relative fertility of different 
occupations in England and Wales show that the number of 
children per 100 married couples, when the age of the 
occupied husband is below 55 years are as follows: for teach- 
ers 95, non-conformist ministers 96, Church of England clergy 
101, physicians and surgeons 103, authors and editors 104, 
policemen 153, postmen 159, carmen 207, dock laborers 231, 
barmen 234, miners 258, and general laborers 438. It is a long 


1 The substance of a portion of this chapter was presented at the Sixth 
International Neo-Malthusian and Birth Control Conference, March 26, 1925, 
at New York City. 
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way from the 95 children per 100 married couples of the 
teachers to the 438 per 100 of the general laborers. 

Or for four large European cities consider the figures of 
Bertillon of an earlier date (1897), but not essentially dif- 
ferent from present conditions. They show, as seen in Table 
XI, that while, on the average 1000 women between the ages 
of 15 and 50 living in very poor quarters of these four cities 
had annually 153 births, 1000 women living in very rich 
quarters had but 53.75 births, or only about one-third as 
many. 


TABLE XI 


BirtHs Per 1000 Women, AcEep 15 To 50, PER ANNUM, IN DIFFERENT 
QUARTERS OF LONDON, Paris, BERLIN, AND VIENNA. (BERTILLON) 


Classes of population London Paris Berlin Vienna 
Weryipooteee sane 147 108 157 200 
(ROORS seine ta ne a 140 95 129 164 
Womfortab less 107 iP 114 155 
Very comfortable........ 107 65 96 153 
I2U Te) te boven aie oases cine 87 bs 63 107 
Werys lich eircndaaaee oe 63 34 47 71 
Average per 1000 women. 109 80 102 153 


That the same situation prevails today is indicated by the 
figures regarding the birth rates in different suburbs of Berlin 
in the years 1910 and 1924, given by Freudenberg (164). 

Finally consider the different racial groups in the United 
States as shown in Appendix Table 20. 

The rates for the Italian and the Other Foreign groups are 
enormously higher than those for the other national groups, 
and particularly higher than those for women born in the 
United States. A considerable part, though probably not all, 
of the very great excess of the rates in the Italian and Other 
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Foreign groups is due to a more favorable age distribution of 
the women in these groups. 

Another and more instructive aspect of the United States 
data is given by the figures shown in Table XII. In this 
column A gives the birth rates for native born mothers by 
states, as in the first column of Appendix Table 20. Column 
B gives the estimated value of all property, per capita of 
population, in 1922, in the same states (129). 


TABLE XII 


(A) BrrtH RATES OF NATIVE Born Waites PER 1000 ENUMERATED FEMALE 
PopuLATION 1920 AND (B) PER Capita ESTIMATED VALUE OF ALL PROPERTY, 
1922, BY STATES. 


Per capita 
State Birth rate | value of all 
property 
Connectictth sees Sh 2 $3614 
Massachusetts: ......- S32, 3243 
News VOLK ese ee 8.8) 3436 
District of Columbia... 33.9 3879 
Galifomis necator 3407 4007 
New Hampshire....... 37.0 3074 
Vermontsr accra. 39.1 2389 
Oregon ae )orae eee ie 39.5 4182 
OHO SEAS ese ee 39.9 3048 
Washing toneesmee ee 41.0 3600 
Maine a aor 41.3 2586 
= Pennsylvania......... 42.0 3187 
Indiana wie raster 43.8 2942 
Wisconsin sen at ae 45.4 2887 
Kansas aes ee eee 46.4 3493 
Mary jandepaeen sr erir 47.1 2665 
Michiganas seer 47.7 2899 
IMinnesotasenne ners 48.5 3442 
INebraskave sesstaeeeea 49.8 4004 
INentuck yar een eee Si icd! 1459 
Virginia cramer 56.7 2050 
South Carolina........ 59.1 1385 
22 


1703 
3247 
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It is at once evident that generally in this Table XII as 
the birth rate goes up the average per capita wealth goes down. 
The net correlation between the birth rate per 1000 women 
and the average per capita value of all property, when popula- 
tion (as of 1920) is held constant — in order to free the result 
of spurious correlation — is, 

Foye = — 0,615 0,086 (1) 

This is not only a significant, but a relatively high corre- 
lation. 

This result is depicted graphically in Fig. 29. This is based 
upon breaking the whole series of 24 states given in Table 
XII up into six groups of four states each, and then for each 
of these six sub-groups calculating the mean birth rate and the 
mean per capita wealth. In calculating these sub-group means 
the wealth per capita for each state was weighted in propor- 
tion to the 1920 total population of that state, and the birth 
rates were weighted in proportion to the female populations. 
The data of Fig. 29 are, then, true weighted averages. The 
purpose of this procedure is simply to smooth the detailed 
state figures. The data from which Fig. 29 is plotted are 
given in Table XIII. 


TABLE XIII 
WeIcGHTED MEANS, For Six Groups OF STATES, OF THE DATA OF TABLE XII. 
Weighted bat 
State group eave eS 
wealth 
I (Connecticut, Massachusetts, New York, Dis- 
trict ols Columbia) ewe ie enters eect Sone $3417 
II (California, New Hampshire, Vermont, Oregon) 36.0 3838 
III (Ohio, Washington, Maine, Pennsylvania).... 41.2 3145 
IV (Indiana, Wisconsin, Kansas, Maryland)..... 45.3 2991 
V (Michigan, Minnesota, Nebraska, Kentucky). 50.0 2822 
VI (Virginia, South Carolina, North Carolina, 
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Kohlbrugge (149, p. 637) gives some statistics showing the 
same relation. From 4758 city marriages (from Dortrecht 
and Rotterdam) and 4685 marriages of persons living in the 
country, he calculated the number of births (including still- 
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Fic. 29. Bar diagram showing the relation between birth rate and per 


capita wealth. Data from Table XIII. The solid bars indicate birth rate, 
and the cross-hatched bars per capita wealth. 


births) per 1000 families. All the marriages were presumably 

completed (or nearly so) from the reproductive standpoint. 

He then divided the material into four groups on the basis of 
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economic well-being. He does not define the limits of his 
economic classes. The results were as follows: 


Births per 1000 families 
Economic Group I (Poorest) II Ill IV (Richest) 
City families 561 521 435 418 
Country families 519 509 475 450 

The decline of the birth rate with increasing riches is evi- 
dent in both groups. 

The evidence so far presented, of which a great deal more 
might be adduced, is, I think, sufficient to establish that, in 
general, there is a negative correlation between birth rate and 
wealth, or a positive correlation between birth rate and 
poverty. But poverty in turn is a substantially accurate rela- 
tive measure of the quality of the physical and biological 
environment of human beings. The environment of the very 
poor is hard in every respect; food, shelter, work and fatigue, 
recreation, all these elements are far harsher in their impact 
upon human beings stricken with poverty than upon people of 
wealth. The very poor man cannot control his environment 
to the benefit of his happiness and well-being except in a 
degree slight and insignificant as compared with that in which 
the rich man can control his. Without for the present inquir- 
ing at all as to why the poor man came to be poor, or con- 
tinues to be so, it is the plain fact that the very poor live in 
a physically and biologically harsh and inadequate environ- 
ment, while something about the opposite of this is true of the 
very rich. So then the matter may be stated in this way: it 
appears to be generally the fact that there is an inverse or 
negative correlation manifest amongst human beings between 
the birth rate and the biological quality or adequacy of the 
environment for the maintenance of human comfort and well- 
being. The nature of this correlation is that the better the 
environment, the more comfortable and higher the standard 
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of living, the lower the birth rate and vice versa. There is 
nothing novel about this result. It has been observed by many 
persons. I have here merely brought forward a little further 
quantitative evidence regarding the matter. 


II 


The same kind of correlation is probably found in some 
degree among animals lower in the evolutionary scale than 
man, and also among plants. When thrown into a harsh or 
abnormal environment which threatens but does not immedi- 
ately lead to the extinction of all the individuals, and therefore 
of the race, it has been observed that some organisms tend to 
respond by curtailing vegetative processes and organs and 
greatly increasing reproductive processes and organs. It is 
impossible here to resume all the evidence on this point nor is 
it necessary. A detailed and clear statement of the point is 
given by Hugh Miller (130), a part of which I shall quote. 
In the course of an account of his experience on a job as 
stone-cutter in a quarry on the West Coast Highlands of Scot- 
land, he says (p. 277-279): 

_“ For about six weeks we had magnificent weather — clear, 
sunny skies, and calm seas; and I greatly enjoyed my evening 
rambles amid the hills, or along the seashore. I was struck, 
in these walks, by the amazing abundance of the wild flowers 
which covered the natural meadows and lower hill-slopes — 
an abundance, as I have since remarked, equally characteristic 
of both the northern and western islands of Scotland. The 
lower slopes of Gairloch, of western Sutherland, or Orkney, 
and of the northern Hebrides generally — though, for the 
purpose of the agriculturist, vegetation languishes, and wheat 
is never reared — are by many degrees richer in wild flowers 
than the fat loamy meadows of England. They resemble 
gaudy pieces of carpeting, as abundant in petals as in leaves. 
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Little of the rare is to be detected in these meadows, save, 
perhaps, that in those of western Sutherland a few Alpine 
plants may be found at a’ greatly lower level than elsewhere 
in Britain; but the vast profusion of blossoms borne by species 
common to almost every other part of the kingdom, imparts to 
them an apparently novel character. We may detect, I am 
inclined to think, in this singular floral profusion, the opera- 
tion of a law not less influential in the animal than the vege- 
table world, which, when hardship presses upon the life of the 
individual shrub or quadruped, so as to threaten its vitality, 
renders it fruitful on behalf of its species... . And in the 
gay meadows of Gairloch and Orkney, crowded with a vege- 
tation that approaches its northern limit of production, we 
detect what seems to be the same principle chronically opera- 
tive; and hence, it would seem, their extraordinary gaiety. 
Their richly blossoming plants are the poor productive Irish 
of the vegetable world; for Doubleday seems quite in the right 
in holding that the law extends to not only the inferior animals, 
but to our own species also. The lean, ill-fed sow and rabbit 
rear, it has been long known, a greatly more numerous progeny 
than the same animals when well cared for and fat; and every 
horse and cattle breeder knows that to overfeed his animals 
proves a sure mode of rendering them sterile. The sheep, if 
tolerably well pastured, brings forth only a single lamb at a 
birth; but if half-starved and lean, the chances are that it 
may bring forth two or three. And so it is also with the 
greatly higher human race. Place them in circumstances of 
degradation and hardship so extreme as almost to threaten 
their existence as individuals, and they increase, as if in behalf 
of the species, with a rapidity without precedent in circum- 
stances of greater comfort. The aristocratic families of a coun- 
try are continually running out; and it requires frequent crea- 
tions to keep up the House of Lords; whereas our poorer 
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people seem increasing in more than the arithmetical ratio. In 
Skye, though fully two-thirds of the population emigrated early 
in the latter half of the last century, a single generation had 
scarce passed ere the gap was completely filled; and miserable 
Ireland, as it existed ere the famine, would have been of itself 
sufficient, had the human family no other breeding-place, to 
people in a few ages the world. -Here, too, in close neighbor- 
hood with the flower-covered meadows, were there miserable 
cottages that were swarming with children — cottages in which, 
for nearly the half of every twelve-month, the cereals were 
unknown as food, and whose over-toiled female inmates did 
all the domestic work, and more than half the work of the 
little fields outside.” 

This whole viewpoint was vigorously combated by Spencer 
in his “ Principles of Biology.” But I think that his argument 
is not entirely convincing in respect of the main point, chiefly 
because he overlooks two things. The first of these is that the 
“ abnormal plethora ” in respect of food which he admits re- 
duces fertility, is precisely the usual thing among the well- 
to-do in civilized human society. The second is that the 
superior fecundity and fertility of domesticated animals gener- 
ally has much more probably been mainly the result of breed- 
ing for that characteristic than the result of feeding. Let any 
one who doubts this try by any process of feeding whatsoever 
to make Pit Game hens, for example, as good layers as 
Plymouth Rocks or White Leghorns. 

While obviously in the present state of knowledge, no stress 
can be laid upon such a direct correlation between harshness of 
environment and rate of reproduction among animals and 
plants living in a state of nature, it seems probable that within 
limitations it does exist, and it seems of interest to mention 
it in connection with the present discussion, although it has no 
essential bearing upon the argument. An interesting, and care- 
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fully worked out experimental demonstration of a correlation 
of this sort has recently been recorded by Hammarlund (160), 
who shows that in the case of the mildew Erysiphe communis 
a greater number of spores per conidiophore develops in dry 
air (which represents a relatively unfavorable environmental 
condition for this form) than in moist air. Furthermore, the 
energy of germination is greater in the dry air conidia than in 
the moist air conidia. The formation of ascospores by yeasts 
is another primitive example of the same law. Chapman (165) 
says: “It would seem that spore formation is a provision on 
the part of Nature for securing the persistence of the species 
under conditions in which active budding is impossible. It 
appears, at any rate, to play an important part in the hiberna- 
tion of yeasts, rendering it possible for them to live through 
the winter in soil, or on surfaces from which very little nutri- 
ment can be extracted.” The general ecological observation 
that the tropical jungle flora is broadly characterized by great 
profusion of vegetative parts (leaves, etc.), while the Arctic 
flora is noted for the profusion of flowers, has bearing upon 
the point. The whole matter wants more thorough investiga- 
tion than has yet been accorded it. 


Ir 

It is probable that the very harshness and inadequacy of the 
human environment which is the inevitable and indeed neces- 
sary concomitant of real poverty, tends perhaps directly, 
and certainly indirectly through psychological reactions, to 
produce a high birth rate among human beings. And, on the 
other hand, it seems to me to be equally clear that the prob- 
ably super-optimal environment, biologically speaking, which 
even moderate wealth is able to command, tends both directly 
and indirectly to low fertility and even a good deal of actual 
sterility. Not only do the well-to-do have many other pleasur- 
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able outlets for nervous energy besides the sexual, but also 
they are generally acquainted with the best methods of contra- 
ception. Both of these factors tend to lower the class birth 
rate. All wealth is of course relative. I am not referring 
solely to the glittering opera patron of the metropolis. As 
compared with real poverty the environmental situation of 
what are called middle-class people — even of college profes- 
sors — is biologically adequate. 

The implication of the preceding paragraph is that there is 
a correlational nexus or pathway of the following sort. Rela- 
tive wealth makes possible, and is correlated with a relatively 
favorable and easy environment for human existence. On the 
physical side this means better food, housing, etc. On the 
psychological side it means more avenues and opportunities of 
recreation, more varied intellectual interests, and generally 
wider outlets for nervous energy. These things in turn, it is 
suggested, correlate with less frequent sexual activity, and 
with a lower birth rate. At the other economic extreme we 
have the opposite picture. Poverty correlates with a poor 
environment for human existence, with poor food and housing, 
and on the psychological side restricted opportunities for 
recreation, narrow intellectual interests, and generally only 
two reliable outlets for the speedy and satisfactory relief of 
nervous tension, namely alcohol (which now is at least theo- 
retically banned) and the sexual relation. This situation 
correlates with more frequent sexual activity and a higher 
birth rate. 

In support of this suggestion as to the correlations involved, 
there will be presented in the next chapter some data on the 
actual frequency of sex activity in groups of the population of 
different economic, cultural, and intellectual levels, and further 
discussion of this particular point may therefore be deferred 
until the results presented in Chapter VIII are in hand. 
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The eugenic aspect of the differential birth rate is the one 
which has excited the greatest interest. Some early eugenic 
studies, especially those of Professor Karl Pearson and his 
students, demonstrated the fact that various sorts of obviously 
undesirable persons had high fertility rates, while some equally 
obviously desirable persons had low fertility rates. This situa- 
tion he rightly regarded as racially unsound in principle. But 
a curiously inverted deduction from these results seems to have 
become current. The doctrine appears to have gained wide 
acceptance that somehow high fertility in a group is im itself 
an indication of probable racial unfitness. In actual fact 
nearly every group of persons that I can think of which does 
show high fertility seems to be quite generally regarded by 
eugenists as socially and biologically undesirable. They are 
alleged to be genetically unfit. It has even been suggested 
that there is a gene, or combination of genes, for poverty — 
that a man is poor only because he inherited stupidity, lack 
of ambition, or some other similar traits of character. Now, 
while I am certainly no violent environmentalist, I gravely 
doubt if such a position is tenable. The best evidence against 
it, I think, is the overwhelmingly common fact that the ranks 
of the rich and the well-to-do (which also generally mean 
the educated and cultured) are frequently recruited from the 
ranks of the poor. Yet it is apparently the poor, and not 
merely the morons and defectives, that have high birth rates. 
There are in the world a fair lot of rich morons and rich 
defectives (some uncharitable persons would even say a good 
many). But in my observation when morons are rich their 
birth rate is not high. It is just about that of the rich in 
general. And similarly the birth rate of the poor moron or 
defective is not greatly different, so far as I can learn, from 
that of the poor in general. The shocking comparisons of the 
fertility of the Jukes and other such degenerate and defective 
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stocks are usually made with such groups as the Edwards 
family, or college men or women, who occupy an obviously 
different economic plane. Are such people as the Jukes more 
fertile than a group of honest and biologically sound work- 
ingmen of as nearly as possible the same economic status? 
This question I think has not received the consideration it 
deserves. 

What seems to me to be in some part at least essentially 
the same point as that of the preceding paragraph is made by 
Dublin (134) in his recent address as President of the Amer- 
ican Statistical Association where he says: “‘ When we have 
eliminated the upper and lower 10 per cent of our population, 
there is not sufficient indication of serious differences in innate 
ability among the remaining 80 per cent to justify the current 
fears and warnings against their deliberate participation in 
parenthood. They are neither spectacularly able nor do they 
abound in defects. If they lack the brilliance which would 
single them out for special distinctions, they have usually 
other compensating, valuable and attractive qualities. They 
are just plain folks carrying on the world’s work. We see on 
all sides clear evidence of the ability of ordinary people to give 
birth to children capable of the highest achievements as oppor- 
tunity and environment release their power. Our social organ- 
ization by its very complexities and the perfection of its 
mechanical foundations, is conducive to stimulating the innate 
abilities of men from all walks of life, which in a less well- 
organized society might go to waste. Throughout all ages the 
leaders of mankind have come predominantly from homes 
which at first sight seemed most unpromising and common- 
place. Will not the leadership of the next generation come, 
as it always has in the past, from that source? ” 

While one must deprecate in this connection such superlative 
expressions as “ highest achievements ” and “ always has in 
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the past,” still I think that the general idea contained in this 
paragraph, if stated in more conservative language, would be 
extremely difficult to controvert successfully. 

Before leaving this part of the discussion I wish to make it 
as clear as possible, in order to forestall the otherwise certain 
misrepresentation of my views, that I do not regard economic 
factors as the only ones influencing human birth rates. Noth- 
ing could be farther from my position. I am merely trying 
to show that the evidence indicates that there seems to be 
generally a significant correlation between variations or differ- 
ences in economic status and variations in birth rate. This 
fact has been pointed out by a number of students of the 
problem, notably Yule (111). But that other non-economic 
social factors such as religion, and various biological factors, 
also may play a role, and an important one in some cases, no 
sensible person would deny. 


IV 


If the facts presented in this chapter regarding the relation 
between poverty and the birth rate are in any degree generally 
true, and I think investigation will show that they are in 
civilized societies, the thought at once suggests itself that it is 
not only desirable in the eugenic interest of the race to cut 
down, indeed completely extinguish, the high birth rate of 
the unfit and defective portions of mankind, but it is also 
equally desirable because of the menacing pressure of world 
population, to reduce the birth rate of the poor, even though 
that unfortunate moiety of humanity be in every way bio- 
logically sound and fit. This contention, I think, needs no 
extended argument. A wealth of evidence regarding the social 
and biological consequences of the growth of population has 
been collected, and convincingly and brilliantly presented by 
Dr. E. M. East (139), in his recent book “ Mankind at the 
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Cross-roads.”” Another recent book of the same tenor which 
will repay reading is by Swinburne (140). 

The position of the whole world on its logistic curve is 
shown graphically in Fig. 30. The figures on which this dia- 
gram is based will be found in Pearl (27, pp. 631-632). 

The equation of the logistic curve of Fig. 30 is as follows: 


1580.5 


y = 445.5 + 75-399, oon (li) 


While all figures for world population are necessarily esti- 
mates in some part, I have included in Fig. 30 only those 
which seem on the whole to be the most reliable. And it can 
scarcely be supposed that they are so grossly in error as 
materially to alter the shape of the logistic curve from what 
it would be if the true facts were known. It is apparent from 
Fig. 30, if the estimates of world population on which the 
logistic is based are in any reasonable degree reliable, that 
the world is well along towards the upper limit of population 
on its present cycle of growth. The upper asymptote of the 
world population, as predicted by the logistic, is 2,026 mil- 
lions. Penck (141) estimates the “ potential” world popula- 
tion at 8,000 millions, a much higher figure than that given by 
this logistic curve, but I am unable to convince myself that his 
estimate is justified by the evidence. 

Certainly those students of the population problem who have 
concerned themselves especially with the human food supply 
which can be produced on the face of the earth reach no such 
large estimate of population potentialities as does Penck. 
Already marked alterations in agricultural matters are appear- 
ing as the result of population growth. It would be apart 
from the purpose of the present study to go into the evidence 
along this line in any detail here, and it has already been 
dealt with thoroughly by other workers, notably East (Joc. 
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cit.). But as an indication of changes which are going on 
relative to human food production which are of grave import 
for the future I insert Fig. 31 from a recent paper by the dis- 
tinguished student of the problems of world agriculture in 
relation to population, Dr. O. E. Baker (148). The legend 
fully explains the point. 
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Fic. 31. Trend of per capita acreage of crops, pastures and forest, and 
amount of live-stock, United States, 1880-1920. With the progress of popula- 
tion’ crop land tends to increase at the expense of pasture and forest land. 
The per capita acreage of crops in the United States increased 12 per cent 
between 1880 and 1900 and then decreased to an amount in 1920 one per 
cent below that in 1880. The per capita acreage of both pasture and forest 
lands, on the other hand, have declined steadily since 1880 and are now only 
40 per cent as great as 40 years ago. The per capita amount of live-stock 
increased till 1890, and has since decreased at almost as rapid a rate as pasture. 
The general trend is toward more bread and less beef. (Graph from 1923 
Yearbook of U. S. Dept. of Agriculture, and Baker (148).) 


Baker (loc. cit. pp. 50-52) sums up the population outlook 
in the following words, which seems to me to be a very sound 
and conservative presentation of the case: “ Agriculture, not 
mining or manufacturing, will eventually determine the limits 
of the world’s population. The reserves of coal and iron are 
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adequate to support our civilization for many hundreds, per- 
haps for several thousand years. Industry can continue to 
develop and give employment to increasingly larger numbers 
of workers far beyond the time when the arable land will have 
reached such a stage of productivity that further intensity of 
cultivation is unprofitable. Not many people will starve; but, 
as in Europe recently, the death rates will rise, especially the 
infant death rates, while the hours of labor will lengthen and 
the lower standard of living will make people more susceptible 
to disease. 

“Tt is certain that if the population of the United States 
continues to increase for more than another century as it has 
during the past century there is no means by which the present 
standard of living can be maintained, except by importation 
of foodstuffs from other lands, — which will need their food- 
stuffs even more than we. And looking forward 200 or 300 
years, which is a shorter span of time than that elapsed since 
the settlements at Jamestown and Plymouth, it seems neces- 
sary to recognize not only a stationary population in this 
country, but also throughout the world. Whether this sta- 
tionary state will be one of misery for the majority of the 
people, as in China and India today, or one of well-being and 
happiness will depend largely upon voluntary restriction of 
population. 

“ Nevertheless, it is clear that if occidental civilization 
during the next 100 years relapses into the condition of poverty 
and political corruption that characterizes most of the orient, 
the failure will arise from the dying out of the more capable 
people, from decline in individual initiative, and from neglect 
to use the scientific knowledge that has accumulated and the 
agricultural implements that have been devised, rather than 
from the niggardliness of nature. There is left to the white 
man a century of grace, in which to develop that rational 
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direction and control over himself that he has so successfully 
applied to nature during the past century. The trend of birth 
rates in the United States, Canada, and Australasia, considered 
in conjunction with the natural resources, is encouraging; but 
for nearly all other countries the prospect is not so hopeful.” 


Vv 


“ The efforts of the eugenists to correct the evils of the dif- 
ferential birth rate, by endeavoring to induce the socially, 
economically, and in some part biologically, superior classes 
to reproduce more freely, as a sort of transcendental social 
duty, have not met with any discernible success, and in my 
opinion are not likely to. When the issue which is to deter- 
mine human behavior is drawn between the present comfort, 
happiness and well-being of the reproducers on the one hand, 
and the indefinitely future welfare of society in general, or the 
race or state, on the other hand, he would seem indeed a 
simple-minded, not to say fatuous optimist who supposes that 
the latter will outweigh the former. It will do nothing of the 
kind. It was a worldly wise if not very altruistic sinner who 
first raised the question as to what posterity has ever done for 
us. As was recently pointed out editorially (142) in Eng- 
land: ‘A man may be induced by patriotic motives to die 
for his country, but hardly to procreate children for her, 
unless he can be convinced that those children will find places 
to fill at least as good as that he occupies. Rhetoric about race 
suicide, the decline of the empire, and so on, will never be 
accepted by the potential parent as a substitute for an eco- 
nomic guarantee.” 

But if it is not possible to make desirable people have more 
babies, why not try teaching other people how to have fewer? 
This is precisely the position of the birth control movement, 
and it seems to me to offer the only hope of altering for the 
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better the existing differential inequalities in the distribution 
of the birth rate. Many persons object to the birth control 
movement on the ground that it widens already undesirable 
class differences in the birth rate, because the intelligent and 
educated people all practice it while those with the high birth- 
rates will not. But will they not? I am not nearly so sure of 
this as I once thought I was. The tightest of legal barriers 
prevents now the diffusion of knowledge as to methods of 
contraception. The poor in particular are shut off from learn- 
ing what is the best information available in these directions. 
At the same time the poor man is quite as keen as anybody 
else for the pleasures of sex. As has already been pointed out 
above it is his chief resource as an outlet for the extra nervous 
tension begotten by the harsh environment to which he is more 
or less doomed. Is it any matter of wonder, things being 
legally as they are, that the poor have a high birth rate? 

That such a view of the matter is coming to be taken by 
persons who cannot by any chance be labelled birth control 
propagandists is indicated by the following quotation from a 
recent editorial note in Nature (143): 

“That some form of birth control is the only means of 
regulating the tendency of the population of Great Britain to 
increase beyond the limits of our food supply is a conclusion 
which has forced itself on more and more thinkers, both in 
the biological and economic spheres. . . . After all, there is 
no getting away from the fact that the practice of birth-control 
is widely spread among the middle classes, and to deny the 
knowledge of the means to the poor, who need it far more 
than the middle classes do, is a proceeding which no parlia- 
mentary language is strong enough adequately to criticise.” 
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! CHAPTER VIIT 
HUMAN BEHAVIOR AND THE BIRTH RATE 
I 


THE purpose of this chapter is in the first instance to present 
some of the results of a biometrical analysis of a considerable 
mass of unique data on normal human sex behavior. The 
pertinence of this material to the present discussion will appear 
specifically as we proceed, but in general terms is evident 
a priori. Increase of human populations by excess of births 
over deaths is the physiological consequence solely of the 
successful mating of human beings of the two sexes. Owing 
to prohibitions from external sources, on the one hand, and to 
inhibitions of subjective origin, on the other hand, normal 
human sex behavior has been extremely little investigated or 
discussed in scientific literature. There is a wealth of material 
on the pathological aberrations of the sex instinct, in its mag- 
nitude probably out of all true proportion to the real impor- 
tance of this sad aspect of the subject. But regarding normal 
sex life even the most simple and basic quantitative scientific 
data are almost totally lacking, and entirely so from the view- 
point of statistical adequacy. 

The material to be presented in this chapter makes a defi- 
nite, and I hope significant contribution to the filling of this 
gap in knowledge. The present data are by no means perfect 
or exhaustive. But within their limitations as to content they 
are substantially accurate, and furnish information which in 
any proper statistical sense has been entirely lacking hitherto. 
It may be possible through codperation with hospital clinicians 
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greatly to extend the collection of data as time goes on, and 
broaden its scope. Pending this, however, it seems desirable 
no longer to delay the publication of the material already in 
hand. 


II 


This material consists of records for something over 250 
men of the average frequency per month of coitus, by decades 
of age from youth to advanced years. The records were fur- 
nished by the persons themselves, under circumstances pres- 
ently to be recounted. In order to safeguard absolutely the 
impossibility of identifying any particular individuals or group 
of individuals with the statistical records the source of the 
material as a whole cannot be stated. The following account 
must suffice, together with the personal guarantee of the writer, 
under whose supervision and critical scrutiny the records 
were collected, that they are accurate within the limits of 
human fallibility in matters involving the memory of past 
events. 

The individuals furnishing the records are persons who had 
been successfully operated on for the relief of benign hyper- 
trophy of the prostate gland. A year or more after recovery 
from the operation a follow-up questionnaire was sent to each 
of them for the purpose primarily of getting information as 
to the remote results of the surgical procedure. At the same 
time the opportunity was taken to ask each person for a 
somewhat detailed account of his sexual life history, particu- 
larly in respect of average sexual activity per month in the 
different decades of life. They were told that this information 
would be so handled that the subsequent identification of any 
individual with it would be impossible, and that it would be of 
great value in the study of the etiology of benign prostatic 
hypertrophy, and of other scientific questions. In something 
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over 250 cases the patient’s gratitude for the relief he had 
obtained from the surgical treatment was so great that he was 
willing to, and did in fact, go to a great deal of trouble to 
answer carefully, honestly, and to the very best of his ability, 
the questions asked. The original questionnaires, in many 
cases carrying detailed written statements in support of the 
numerical data, furnish in most instances their own guarantee 
of substantial accuracy. Wherever, on any ground whatever, 
there was reason to be suspicious of the accuracy of the re- 
turns the material was rejected from the tabulations presented 
here. 

There are two chief points upon which the data will be 
criticised. These are (1) that since the persons to whom they 
relate eventually had benign hypertrophy of the prostate gland 
their sex life prior to the onset of this disease cannot be re- 
garded as normal, and (2) that persons of advanced years, 
as all of these were at the time of making the records, cannot 
be supposed to remember accurately, even if they would, their 
habits in this regard of several decades earlier in life. They 
will be accused of magnifying or diminishing, depending upon 
their general temperament, the true facts of the case. The a 
priori logical cogency of both these criticisms must be fully 
admitted. But just because they are obviously cogent in the 
absence of further information, it is necessary at the outstart 
to discuss them fully, and bring into the record such pertinent 
ancillary information as exists. 

Regarding the first point the following is to be said. This 
criticism is merely equivalent to asserting that there should 
be a control group of persons of the same age distribution, 
furnishing the same information, who never had hypertrophy 
of the prostate gland. This is, of course, not only true but 
obvious. If I had the data from such a group I should present 
them. It is my hope to get at some future time just such a 
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group, through codperation with clinicians. But the present 
lack of such a control group should not lead one hastily to 
dismiss this study as of no value, for two reasons. In the 
first place logically the absence of a non-prostate control group 
merely means that we cannot generalize any conclusions 
reached beyond the category of persons who ultimately have 
benign hypertrophy of the prostate gland, and this we shall be 
careful not to do. The question of whether the sex activity 
of eventual non-prostatics is the same as, or different from, 
that of eventual prostatics is simply left in abeyance as in- 
capable of answer at the present time. But greatly more 
important than this purely logical point is another which is 
biological in nature. A painstaking study of the present exten- 
sive material has failed to give any evidence that degree of 
sexual activity has any discernible influence in the etiology of 
benign hypertrophy of the prostate. As will presently appear 
there is the widest variation exhibited in this group of men in 
respect of the degree of sex activity as indicated by monthly 
frequency. But these differences in sexual activity are not at 
all correlated with either the severity of later prostatic symp- 
toms, or with the amount of hypertrophy of the gland, or with 
the age at onset of prostatic symptoms, or with any other 
observed clinical manifestations of the disease. Those men 
exhibiting extremely low sex activity throughout life had 
prostatic hypertrophy just as surely and as severely as those 
with extremely high sex activity. In view of these facts I 
personally strongly incline to the view that, when a proper 
control group of non-prostatics is available, it will be found to 
give results substantially identical biometrically with those 
here presented for prostatics. But I offer this merely as per- 
sonal judgment based upon admittedly inadequate evidence. 
The question can only be settled by getting the control 
group. 
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Regarding the second criticism, which relates to the intrinsic 
accuracy of the statements as to sex activity the following is 
to be said. The figures to be presented are estimated average 
monthly frequencies. Few men ever kept an accurate and 
detailed documentary record of such matters. But most men 
of even average intelligence, if they will only be honest, can 
state with very reasonable accuracy their average habits at 
different periods of life. This is all that the men in this group 
were asked to do, and all that they did do. Furthermore, 
taking the group as a whole, they were men of more than 
average intelligence. 

The best evidence as to the substantial accuracy of the 
figures is found in the detailed study of the individual proto- 
cols and the accompanying correspondence. Unfortunately 
this cannot be presented here. But it is convincing. In the 
great majority of instances where the figure for a particular 
decade would strike one as abnormally high or low, there is 
an accompanying explanation, stating the true facts to the best 
of the reporter’s ability. In some cases the direct statement 
is made, and, probably the same thing is true of a good many 
more where no specific statement is made, that the figures 
given have been checked over and agreed to by the wife. 


TI 


The total number of individuals included in the present dis- 
cussion of the material is 257. These were all white men who 
had been married one or more times. The original material 
included some single men, but their number is too small to 
justify separate biometric treatment. In the interest of sta- 
tistical homogeneity of the material it was thought advisable 
not to lump the single in with the married. So all of the 
tables and biometric constants presented in this chapter relate 
to married men only. 
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The age distribution of the whole group at the time of their 
operations is shown in Table XIV. The total of this table is 
254, the three missing individuals lacking a precise statement 
of age at operation. 


TABLE XIV 


AGE AT OPERATION 


Age group Cases 


45-49 
50-54 
55-59 
60-64 
65-69 
70-74 
75-79 
80-84 


Total 


From the distribution of Table XIV the mean age at opera- 
tion of this group is found to be 64.53 + 0.29 years, and the 
median age 64.59 years. This mean value agrees reasonably 
well with that for cases of benign hypertrophy of the prostate 
in general (135), which is 66.72 + .16 years, based on 977 
cases. Of course, for reasons already stated above, the ages 
of the persons in Table XIV were higher at the time the 
present information was furnished than the age at operation. 

The age at marriage of the 242 men in the group who stated 
this fact is shown in Table XV. 

The two distributions of age at operation and at marriage, as 
given in Tables XIV and XV, are shown graphically in Fig. 32. 

From the distribution of Table XV the mean age at first 
marriage of the men in this group is found to be 28.33 + .28 
years, and the median age 27.39 years. From these values 
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and the polygons of Fig. 32 it is evident that while the dis- 
tribution of ages at operation is practically symmetrical about 


TABLE XV 


AGE AT MARRIAGE 


Age group Cases 


15-19 9 
20-24 67 
25-29 94 
30-34 40 
35-39 21 
40-44 5 
45-49 2 
50-54 3 
25-59 1 
Total 242 
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Fic. 32. Frequency polygons for age at marriage (solid line) and age at 
operation (broken line). 
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its mean, the distribution of ages at marriage is somewhat 
skew in the positive direction. 

Table XVI gives the integral form of the distribution of 
ages at marriage in percentage terms. The data will be needed 
in this form in the subsequent discussion. 


TABLE XVI 


PERCENTAGES OF MEN IN THE Group MARRIED 
AT OR BEFORE THE STATED AGE 


Age Per cent married 
20 4 
25 31 
30 70 
35 87 
40 95 
45 97.5 
50 98.3 
55 99.6 
60 100. 
IV 


In dealing with the present material I propose first to exhibit 
its general characteristics, and then proceed to the analysis of 
it which is particularly relevant to the subject with which this 
book deals. In Appendix Table 21 are shown the observed 
distributions of average frequency of coitus per month, by 
decades of age. It should be explained that the reason for the 
different totals for the different decades of life is that not 
every individual gave information as to all the decades. In 
this table both absolute and percentage distributions are 
presented. 

The percentage columns of Appendix Table 21 give an 
interesting and illuminating picture of the normal sex habits 
of a group of men, all of whom were married at some time. 
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As would be expected an average frequency of more than 30 
per month, or one per day, is extremely rare. But higher 
frequencies than this do occur often enough to show that 
apparently there really does exist a small but definite “ sexual 
athlete ” class of men, of which Casanova may be regarded as 
the classic prototype in literature. Knowing that these high 
frequencies are sure to be questioned on the point of accuracy, 
special pains have been taken to get from the individual in 
each such case detailed supporting evidence for the figures 
returned where such was not originally furnished. A critical 
study of this evidence makes it as certain, in my judgment, 
that these exceptional returns are substantially correct, as 
anything based upon human testimony can be. 

In order to make the meaning of the figures more apparent 
Table XVII has been prepared, by accumulating the percent- 
ages into broad groups. The summations of Table XVII are 
made within the following limits from Appendix Table 21. A 
frequency of 90 per month or over is placed in the class 
“ Three times a day or oftener.” Frequencies of 60 or more 
per month are put in the next class of Table XVII. Frequen- 
cies of 30 or more per month constitute the “Once a day or 
oftener” class. Frequencies of 15 or more per month con- 
stitute the ‘‘ Every other day or oftener ” class. Frequencies 
of 10 or more per month make up the “ Every third day or 
oftener”’ class. Finally, frequencies of 5 or more per month 
are assembled in the class “ Once a week or oftener.” This 
last class of Table XVII is obviously not precisely accurate, 
but the class divisions of Appendix Table 21 were such as to 
make any nearer approximation impossible. At the worst the 
error is not great. 

The precise manner in which this table is to be read is as 
follows: Of the 213 men reporting for the decade 20-29, there 
were 8.5 per cent who, during that age period, indulged in 
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TABLE XVII 


THE PERCENTAGES OF A Group oF 257 MEN SHOWING THE INDICATED 
AVERAGE DEGREES OF SEX ACTIVITY AT DIFFERENT AGE PERIODS 


Frequency oe 20-29} 30-39 


Three times a day, or oftener . 
Twice a day, or oftener 
Once a day, or oftener ....... 
Every other day, or oftener. .. 
Every third day, or oftener ... 
Once a week, or oftener 


coitus on the average once a day or oftener than once a day. 
Similarly, of the 191 men reporting on the decade 60-69, there 
were 31.3 per cent who, during that age period, indulged once 
a week, or oftener than once a week. These examples will 
make clear how the whole table is to be read. 

The data of the last four lines of Table XVII are shown 
graphically in Fig. 33. 

I think the thing which strikes one first and most forcibly 
from Table XVII and Fig. 33 is the extreme smoothness of the 
curves. In part this smoothness is a result of the process of 
summation, but quite beyond this factor the general smooth 
sweep of the curves furnishes some statistical evidence of the 
essential accuracy of the basic data. 

All the phenomena of human biology are extremely compli- 
cated, and the one we are here dealing with is in some respects 
one of the most complex in the whole range. In consequence 
anything in the nature of dogmatism in attempting to interpret 
the form of the curves in Fig. 33 will be distinctly out of 
place. But with this caution in mind it will be useful to 
attempt some analysis. 

The general course of the curves indicates, if taken at its 
apparent or face value, that the sexual activity in this group 
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of men began at a relatively low level in the years prior to the 
twentieth, rose rather rapidly to its maximum in the decade 
of age from 30 to 39, and then much more slowly declined to a 
very low point in the decade 70-79. The descending limb of 
the curve offers no particular difficulty in interpretation. It 
is what would be expected as one of the evidences of sene- 
scence. By age 35 Table XVI shows that 87 per cent of the 
men in the group were married, and by age 40 the percentage 
had reached 95. So that the extraneous factor of lack of 
opportunity cannot have been operating in any significant 
degree to produce the declining frequency of the years after 
35. I think it may with reasonable safety be concluded that 
the declining limb of the curves of Fig. 33 is an expression 
almost solely of the physiological changes of senescence. I 
have not overlooked the factor of widowerhood tending to 
produce a lowering of the curves in the later years. But in 
this particular sample of material this factor is not a statisti- 
cally significant one. 

The case from age 15 to 35 is by no means so simple. 
_ Table XVI shows that but 4 per cent of the men making up 
this group were married by age 20. It is entirely reasonable 
to suppose a priori that the low frequency exhibited in this 
age period is in part and probably mainly an expression of an 
essentially social factor —lack of opportunity — rather than 
of anything physiological. That this is in fact the case, and 
that the true physiological maximum of sex activity is earlier 
than the third decade of life is indicated by the following 
figures. Table XV shows that there were 67 men in the group 
who married between the ages of 20 and 24 inclusive. These 
men all had, therefore, unrestricted legitimate opportunity for 
sex activity from an average age of 22.6 years (by actual 
calculation) on. The average frequencies per month for this 
group of 67 men, by decades from age 20 on are as follows: 
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TABLE XVIII 
Sex AcTIVITY OF 67 MEN MARRIED IN AGE PERIOD 20-24 


Average frequency per month 


Decade of age 


20-29 
30-39 
40-49 
50-59 
60-69 
70-79 


These averages are shown graphically in Fig. 34. 


These data show that with approximate equality of oppor- 
tunity at the different ages the peak of activity is in the 
20-29 decade and that thereafter there is a steady decline, 
The data for ages at marriage earlier than 20 are too meager 
to warrant any definitive conclusions. 
while to see what the facts are regarding the 9 individuals who 
married before age 20. The average age at marriage of these 
9 was 18.6 years. The record of their sex activity is shown 


in Table XIX. 


TABLE XIX 


Sex Activity or 9 MEn Marrtep In AGE Periop 15-19 


Age period Average frequency per month 


15-19 
20-29 
30-39 
40-49 
50-59 
60-69 
70-79 
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67 MEN MARRIED AT 
AVERAGE AGE OF 22.6 YEARS. 


AVERAGE FREQUENCY PER MONTH 


AGE 


Fic. 34. Average sex activity by decades of age in a group of 67 men all 
of whom married between the ages of 20 and 24 inclusive. 


This table clearly suggests that with unrestricted legitimate 
opportunity the peak of sex activity is prior to age 20. It 
seems quite certain that the peak indicated to be in decade 
30-39 by the figures of Table XVII is a spurious result due to 
lack of equality of legitimate opportunity. 
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Another point of considerable interest emerges from a com- 
parison of Table XIX with XVIII. It is that in each age 
period from 20 on, where comparisons may be made, the 
average monthly frequencies are higher in Table XIX. That 
is to say the men who married young (before age 20) exhibited 
throughout life a higher degree of sexual activity at corre- 
sponding ages than did those men who married between 20 
and 24 years of age inclusive. The thought suggests itself 
that this greater sex vigor was a definite factor in producing 
the marriage at an early age. It must be remembered, how- 
ever, that the number in this experience marrying before 20 is 
very small, and any conclusion based upon their experience 
must be maintained with great caution and reserve. 

The points which Tables XVIII and XIX raise are of so 
much interest that I am constrained to present one more table 
of the same sort. ‘Table XV shows that there were 21 men 
in the group who first married between the ages 35-39 in- 
clusive. Table XX shows their sex history. Their average 
age at marriage was 37.0 years. 


TABLE XX 


Sex Activity oF 21 Men Marriep In AGE PrErtop 35-39 


Age period Average frequency per month 


Before 15-19 3.9 
marriage 20-29 ath 


Marriage 30-39 


40-49 
After 50-59 
marriage 60-69 
70-79 
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This table shows, first, the marked effect of lack of legiti- 
mate opportunity prior to marriage, and second, the evident 
lack of sex interest or vigor as compared with the group who 
married before age 20. But, on the other hand, comparison 
with Table XVIII shows that in the period from 30 to 59 
the late marrying men of Table XX had higher monthly 
averages. A larger collection of data is necessary before it 
will be possible to settle the many questions raised by the 
present material. 

V 

It will next be desirable to examine the principal biometric 
constants derived from the distributions of Appendix Table 
21. These are given in Table XXI. In this table the con- 
stants for the age periods 15-19 and 70 and over are omitted, 
because of meagerness of the data, and because it has been 
shown in the previous section that the data from the age period 
prior to 20 cannot be regarded as furnishing reliable informa- 
tion on trends. In Table XXI the mean, median, standard 
deviation and coefficient of variation were calculated directly 
from the raw data of Appendix Table 21. The values of mode 
and skewness tabled are those derived from the fitted curves. 


TABLE XXI 


BIOMETRIC CONSTANTS FROM THE DISTRIBUTIONS SHOWING FREQUENCY 
PER Mont, GIVEN IN APPENDIX TABLE 21 


Age Mean Median | Mode Standard Coefficient Skewness 
group deviation variation 
20-29}12.57+ .65] 9.01 | 2.37 114.064 .46] 111.94 6.8] + .889 + .057 
30-39 | 12.78 + .50|] 9.90 | 4.88 | 11.614 .35] 90.844.5]/4 .803 + .053 
40-49} 10.95 + .38]} 8.77 | 5.03 | 8.964 .27| 81.8+3.8]4 .703 + .052 
50-59| 8.234 .34} 6.25 | 2.52 | 8.004 .24] 97.345.0|+4 .821+ .053 
60-69} 5.30+ .30] 3.61 | 1.27 | 6.194 .21]116.8+7.8/+4 .892 + .060 


The mean, or arithmetic average, frequency per month 
descends with age from 12.57 in the decade 20-29 to 5.30 in 
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the decade 60-69, with an insignificant increase in the decade 
30-39. 

The median, which is that value above and below which 
exactly one-half of the men in the group fall in their sex 
habits, shows the same general trend with age as does the 
mean, but the absolute values are much lower because of the 
marked positive skewness of all the distributions. 

The mode, which is the constant indicating the most popular 
or fashionable event, or in other words the one which occurs 
most often, follows a somewhat different trend with age than 
does either the mean or the median. The highest modal fre- 
quency per month of 5.03 occurs in the age period 40-49. 
The absolute values of the mode are low in all cases, indicating 
again the extreme skewness of these distributions and the 
large influence of the small group of “ sexual athletes ” upon 
the arithmetic mean. ; 

The relation of mean, median and mode in their trends is 
shown graphically in Fig. 35, plotted from the data of Table 
>, OB : 

The slight rise in mean and median from age 25 to 35 I am 
inclined to attribute to the cause discussed in the previous 
section, namely a larger percentage of the group have attained 
free opportunity by marriage, in the 30-39 age group.* It is 
not so clear about the trend of the mode. There may be 
another factor at work there, but the present material is not 
sufficiently extensive to settle the point. 

The variation in sex habits amongst the 257 individuals in 
this group is high, whether estimated in absolute terms by the 
standard deviation or relatively by the coefficient of variation. 
If, and insofar as, we may judge from this sample, men are 
from 2 to 3 times as variable in this respect as they are in 
dermal sensitivity (cf. Pearson, Chances of Death, Vol. I, 
pp. 293-377), from 3 to 4 times as variable as they are in 
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FREQUENCY PER MONTH 


A 
20 30 40 50 60 70 80 
AGE 


Fic. 35. Mean, median and modal values for sex activity at different ages. 


keenness of sight (ibid.), from 4 to 5 times as variable as they 
are in swiftness of blow, and from 8 to 10 times as variable 
as they are in body weight. On the whole I should think this 
finding regarding the relative variability of sex habits is about 
what one would expect on general grounds. Complex psycho- 
logical factors are the determiners of sex activity, and though 
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these psychological elements in the case may ultimately rest 
in some part upon endocrine secretions, still there is plenty of 
room in such a complicated and subtle chain for great varia- 
bility. 

The marked positive skewness of all the distributions has 
been commented upon sufficiently already. 


VI 


The distributions of Appendix Table 21 from age 20 on 
through age 69 have been fitted with Pearsonian skew fre- 
quency curves. This was a difficult and troublesome job of 
curve-fitting, because of the relative meagerness of the data, 
taking into account the great variation shown by all the dis- 
tributions. It was necessary to make a preliminary smooth- 
ing of the raw data, and all monthly frequencies greater than 
65 were omitted from the computations. 

Under these restrictions the curves all proved to be of 
Pearson’s Type III, of which the theoretical equation is as 
follows: 


y= yoe a (1 + =P (lii) 

The equations of the fitted curves are: 
Age group 20-29: y = 69.92 @— 55582 (1 +. ae :) = (liii) 
Age group 30-39: y = 81.65 amet : im) 499 (liv) 
Age group 40-49: y = 83.24 e982 (1 + oe 3) ek (Iv) 
Age group 50-59; y = 115.17 ans +5 an) ~ (Ivi) 
Age group 60-69: y = 160.90 e~14136 (1 + 6 ian) an (Ivii) 
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The observed histograms and fitted curves are shown graph- 
ically in Figs. 36-40 inclusive. 


AGE GROUP 20-29. 
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Fic. 36. Observed histograms and fitted curve showing the variation in 
sex activity (frequency per month) in the age period 20-29. This and the 
four following figures are all reduced to the same scale. 


It is evident that the curves are about as satisfactory gradu- 
ations as could be expected, considering the extreme range of 
variation exhibited in such a relatively small number of cases. 
It should be remembered in judging the quality of fit of these 
curves, especially those shown in Figs. 39 and 40, that it is the 
area under the curve over a unit range on the base line which 
is properly to be compared with the area of the histogram over 
the same base unit. A comparison of ordinates alone may be 
very misleading. 

The striking things which seem to me to be brought out by 
these curves are these: First, the great rarity of the “ sexual 
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athlete ” type of individual, and second the rather extremely 
modest performance at all ages of the great bulk of the indi- 
viduals in this group of 257 married men. There is a good 
deal that might be said about the psychological and sociolog- 
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Fic. 37. Like Fig. 36, but for the age period 30-39. 


ical implications of these results in relation to sex behavior, 
the problems of marriage and divorce, etc., but it is outside my 
present purpose to enter upon a discussion of these matters. 


VII 


We come now to the consideration of the specific reason for 
the introduction here of these data on sex behavior, which have 
been discussed in general terms up to this point. 
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In the preceding chapter it was suggested that relative 
wealth means to its possessors not merely better food, hous- 
ing, etc., but also more avenues and opportunities for recrea- 
tion, more varied intellectual interests, and generally wider 
outlets for nervous energy. It was further suggested that all 
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Fic. 38. Like Fig. 36, but for the age period 40-49. 


90 
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of these things would tend towards less frequent sex activity 
and a lower birth rate. The other economic extreme of rela- 
tive poverty would give the opposite picture. Poverty corre- 
lates not only with poor food and housing, but also with 
restricted opportunities for recreation, narrow intellectual 
interests, and generally only two reliable outlets for the speedy 
and satisfactory relief of nervous tension, of which one, and 
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perhaps the more important one, is the sexual relation. This 

situation, it was suggested, would correlate with more frequent 

sexual activity and a higher birth rate. 
1R0(>— 
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Fic. 39. Like Fig. 36, but for the age period 50-59. 


Is there specific and positive, as distinguished from general 
and inferential, evidence that this view of the case is in fact 
correct? The present material furnishes just such evidence, 
I think. For most of the individuals in the group data exist 
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Fic. 40. Like Fig. 36, but for the age period 60-69. 
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in the records as to occupation and economic status. The 
material can therefore be separated into occupational groups, 
which will be generally indicative of social and economic status 
together. Table XXII gives the average frequency of sexual 
activity per month, by decade of age, in three broad occu- 
pational groups, namely (a) farmers, (b) merchants and 
bankers, and (c) professional men, including physicians, 
teachers, lawyers, etc. 


TABLE XXII 


AVERAGE FREQUENCY PER Monts By DECADES OF AGE 
AND BY OCCUPATION 


Mean number of times per month 


ie Al Warners B. Merchants C. Professional 

and bankers men | 

N Mean N Mean N Mean | 

15-19 14 8.9+41.8 31 5.6+ .8 46 het S35) | 
20-29 29 154 Cet nG 56 129 =e155 54 D7 25 12) 
30-39 37 14°8=1.3%| 65 16), 7h eh D 68 (ileose 
40-49 39 1SiipeealeS 67 UL ye AS 68 1O Me, 
50-59 39 Tah at Wh 66 Sie 64 Use 8 
; , 4 


The data of Table XXII are shown graphically in Fig. 41. 

In this table the columns headed NV denote the number of 
cases on which the corresponding mean was based. It should 
be explained that the total number of persons in the farmer 
group (column A) for example, was 39, but 15 of them were 
unable to furnish information on the point for the age period 
15-19; 10 were unable to furnish information for the age 
period 20-29, and so on. 

What Table XXII and Fig. 41 show is that in the group 
of farmers, where the economic status was lowest, the intellec- 
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tual content of life the least varied and interesting, and the 
outlets for nervous and emotional tension most restricted, 
the average frequency was highest at all periods of life. In 
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Fic. 41. The average monthly frequency of sexual activity in different 
occupational groups. Solid line denotes farmers; dash line — merchants and 
bankers; dot line — professional men. 
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the professional group where the economic status was (in this 
particular material) high, the intellectual content of life most 
varied and interesting, and the pleasant and satisfactory outlets 
for nervous energy most manifold, the average frequency of 
sexual activity was lowest. The merchant and the banker 
group was intermediate to the other two groups in all these 
respects save economic status, where the level was about the 
same as in the professional group. 


VIII 


The question next arises as to whether the birth rate follows 
the sexual activity rate in its variation among social and 
economic groups. In general it would seem probable that it 
does. But I have no desire to generalize on this point at this 
time. It will be recalled that a warning was given at the 
beginning of this chapter against drawing too general con- 
clusions from the present series. And the only statistical data 
of any magnitude at all that I know of on the sexual activity 
rate are those presented in this chapter. 

For a part of each of the groups of Table XXII we have 
data on the size of completed family, that is the total fertility 
of married life. The results are as follows: 


Number of com- Mean number 
oe pleted families of children 
Panmerssy Wena ee ate 12 4.7 
Merchants and bankers....... 19 IS 
Proféessionalecmny cai roe 17 23 


These data, which if not so extensive statistically as one 
would like, are of a high order of accuracy, are directly and 
specifically pertinent to the point at issue, and finally are, so 
far as the sex activity aspect is concerned, much more exten- 
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sive than anything which has hitherto been available, seem 
clearly to support the argument which I have made. 

It is very difficult to determine from general official statis- 
tics anything about the birth rate of the general population in 
the several different occupational groups that we have been 
discussing. Cities usually show a higher crude birth rate than 
rural areas, but this presumably only means that the age dis- 
tribution of the female population in cities is much more 
favorable to child bearing than is that of rural women. We 
must in this case, as in most others in my experience when we 
want to penetrate to any depth in a problem of human biology, 
have recourse to specially collected ad hoc material. Happily 
for the present need I have in the archives of the laboratory 
a large number of family records extracted from certain well- 
known genealogies (152-156 inclusive). From this material 
have been sorted out for the present purpose all married 
males. These cards were then sorted relative to the occupa- 
tions of the individuals. For presentation here the following 
four occupational groups were chosen: 

Farmers, 

Merchants, 

Teachers and college professors, 

Professional men, including lawyers, judges, physicians, 
senators and congressmen, dentists, etc. 

Then from the cards in each occupational group was made 
a frequency distribution relative to size of family, that is 
total progeny of which the individual was the father. The 
results are shown in Table XXIII. It should be clearly 
understood that the data do not represent the fertility of the 
individual wives of these men, because some of the men 
married more than once. The great bulk of them did not, 
however, so that the figures in Table XXIII are probably only 
a fraction of a child per family larger than they would be if 
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TABLE XXIII 


THE S1zE OF COMPLETED FAMILIES (TOTAL PROGENY) BY 
OccuUPATIONAL GROUPS 


Total progeny Teachers and 
from completed} Farmers Merchants | college profes- | Professional 
marriages sors 

0 78 35 6 14 
1 88 28 Pe 25 
2 141 33 5 35 
3 187 37 10 33 
4 192 36 7 17 
5 184 32 3 29 
6 184 22 6 24 
7 148 15 $3 14 
8 147 22 5 8 
9 141 20 3 8 

10 113 17 4 17 

11 76 9 2 

12 44 4 1 + 

13 29 2 2 

14 9 1 

15 6 2 2 

16 5 1 

17 4 1 

18 

19 1 

20 

21 1 

22 

23 1 

Totals 1770 317 53 235 


From TasLtE XXIII are DERIVED THE FOLLOWING AVERAGES 


Occupational group Mean total progeny 
per father 
Farmers 5.92 + .06 
Teachers 4.89 + .28 
Merchants 4.823 .14 
Professional 4.66+ .15 


only the once married males had been included. But what I 
wanted to get at in the present connection was the total sex 
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activity of these men as reflected in their total progeny. Since 
all the men included were dead at the time of record their 
complete reproductive activity is reflected in these figures. 
One other word of cautionary explanation is needed. The 
data being derived from genealogical records extend well over 
a century into the past, and the progeny figures are conse- 
quently larger than they would be for the same occupations 
in the present day of a greatly fallen birth rate. But there is 
no particular reason to suppose that the motivating forces 
leading to a differential birth rate in respect of occupation 
have greatly altered. I think we may regard the groups as 
comparable inter se on substantially the same basis that they 
would be today. 

This genealogical material includes few really rich people 
in any of the groups. The differences between the means for 
teacher, merchant and professional groups are not significant 
statistically, but the classes are, for this material considering 
its time, in about the right order of ascending wealth and 
varied intellectual, aesthetic and emotional resources. The 
difference between the farmer and professional groups is 
approximately eight times its probable error. 

These results unequivocally support those from the more 
meager data discussed previously, and together with them lead 
to the conclusion that the argument set forth in this and the 
preceding chapter as to the psychological and social factors 
lying behind the observed negative correlation between birth- 
rate and wealth is at least in some degree sound. 
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CHAPTER IX 
SUMMARY AND CONCLUSIONS 


In this book I have presented evidence which seems to me to 
show the following things: 

First, that populations grow in size according to the same 
mathematical law that individual animals and plants follow 
in the growth of their bodies in size. This can be, and has 
been demonstrated experimentally for populations of such 
relatively simple creatures as the yeast plant and the fruit fly, 
Drosophila melanogaster. 

Second, that human populations grow according to the same 
law as do the experimental populations of lower organisms, 
and in turn as do individual plants and animals in body 
size. This is demonstrated in two ways: first, by showing as 
was done in my former book ‘Studies in Human Biology,” 
that in a great variety of countries all of the recorded census 
history which exists is accurately described by the same gen- 
eral mathematical equation as that which describes the growth 
of experimental populations; second, by bringing forward in 
the present book the case of a human population — the in- 
digenous native population of Algeria —which has in the 
75 years of its recorded census history practically completed 
a single cycle of growth along the logistic curve. 

Third, that in the case of this native population of Algeria 
the trends, both of the birth rate, which is unaffected by the 
practice of contraception (birth control), and of the death 
rate, which on the evidence cannot have been significantly 
affected by the practice of public health measures, have been 


208 


SUMMARY AND CONCLUSIONS 


in recent years what would be expected on the mathematical 
theory of the logistic law of population growth, considering 
the position of this population on its curve at the time, and 
other relevant circumstances. 

At this point it was argued that the results indicated that 
one of the most important problems in connection with popu- 
lation for future research, was that of the biological causes 
influencing the shape of the logistic curve. 

To this problem the latter half of the book is addressed, and 
itis thereinshown: , 

Fourth, that rate of reproduction or fertility is negatively 
correlated with density of population, in (a) experimental 
populations of flies, (b) experimental populations of hens, 
and (c) urban populations of human beings. This array of 
evidence indicates that in the direct and indirect biological 
effects of density of population upon reproduction exists one 
vera causa for the damping off of the growth of population as 
the upper limit of the logistic curve is approached. 

Fifth, that birth rate is negatively correlated with wealth 
(or positively correlated with poverty), and that the differ- 
ential birth rate on this economic base constitutes one of the 
menacing features of human population growth, which, how- 
ever, can possibly be met in some part by an entirely free dis- 
semination of knowledge about birth control. 

Sixth, that the indirect psychological and social effects of 
relative poverty as contrasted with relative wealth express 
themselves definitely and clearly in the sexual activity of 
human beings, and through sexual activity to birth rates. 

So much for the evidence. It represents the results of an 
honest, painstaking, and vastly more laborious than is ap- 
parent, piece of scientific investigation. Now that it is done, 
my own principal interest in it is that it suggests at many 
points further lines of research to be attacked. But I cannot 
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close the present record without making a few remarks about 
some of the general humanistic implications of the present 
state of research upon the population problem. They are only 
opinions, which I cannot prove, but perhaps my labors on the 
purely objective aspects of the matter will be thought to 
bestow the right to a few paragraphs of mere opinion. 

Should the somewhat inexorable advance in the number of 
people on this globe which the biological law of population 
growth makes extremely probable, lead us to view-with- 
alarm? It seems to me that if we so conclude, we ought equally 
to be concerned about the orderly growth of any baby into 
manhood or womanhood. For I am quite firmly convinced 
that the biological inevitability of the one form of growth is 
not greater than that of the other. The human population 
of the world is going on increasing for a long time to come, 
and perhaps at times at an even more rapid rate than the 
present one. As old Malthus said “ the passion between the 
sexes is necessary, and will remain nearly in its present state.” 
Furthermore, continued improvement in sanitation and in 
knowledge of preventive medicine and hygiene is going te add 
to the population existing at any given moment as surely as 
an increased birth rate would. 

Will this process necessarily increase the sum total of human 
misery and wretchedness in the world, as we are told it will? 
I used to think so, but the longer I have pondered over the 
matter the less sure I feel about this conclusion. I think the 
thing which first made me dubious about this inevitable misery 
doctrine was its seemingly compelling logic. It was so easy 
to prove logically that it must be so that I began to be suspi- 
cious that in fact it probably was not so at all. Long experi- 
ence with experimental work has taught me that a somewhat 
rough and ready, but on the whole dependable, rule is that 
any natural phenomenon which, in advance of observation of 
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the event, can be proved by purely logical processes to be 
necessarily so, almost invariably turns out upon really com- 
petent and penetrating trial or observation to be in fact not 
so at all but quite otherwise. This curious phenomenon is, 
of course, not the fault of logical processes of thought, but 
merely an expression of human fallibility in the matter of 
premises. 

That population pressure will in the future, as it has in the 
past, lead to wars, seems to me to be, unfortunately, in the 
highest degree probable, at least for a long time to come. 
But the contention that growth of population must inevitably 
increase the general wretchedness of human life apart from 
wars seems to me to overlook three important facts. As one 
studies the curves of population growth for various countries, 
and particularly that for the world as a whole, he is bound 
to be struck by the thought that while we have gone a long 
way in the present cycle of growth there has not been, in 
fact, any such marked increase in squalor, wretchedness and 
general unhappiness associated with increase in population 
over what existed before in the same group of people, as we 
are accustomed somewhat loosely to predicate. Even allow- 
ing for the misery entailed by the Great War it is surely true 
that at no previous time in the recorded history of mankind 
was so large a proportion of the population on the whole so 
happy, and so socially and humanly well off, as they are right 
now. France, for example, is a country with a population 
near the maximum for the present cycle. But he who thinks 
France an unhappy or wretched country is both ignorant and 
stupid. 

The reason why, in general, great misery has not been 
associated with population growth appears to me to flow out of 
the other two more or less overlooked considerations to which 
I have referred. The first of these is the definite and rather 
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orderly evolution of human knowledge; especially of natural 
processes and of how to control and use them to the benefit 
of mankind. To put a nearby final limit on scientific dis- 
covery of ways and means of expanding the opportunities of 
happy human subsistence would seem to be a highly rash pro- 
ceeding, in the face of what has happened in the last century 
even. Haldane’s “Daedalus” I should think probably not 
more daring in this day than Jules Verne’s “‘ Twenty Thousand 
Leagues” was in its. It must be remembered that applied 
biology is in its veriest infancy, as compared with applied 
chemistry, for example. And one hears no note of pessimism 
from the chemists. 

Finally, and as it seems to me most important of all, have 
we not overlooked to a large degree in our discussion of the 
population problem, the largely unknown and unplumbed 
adaptive potentialities of the human organism? Is not adapta- 
tion the crux of the whole matter within rather wide limits? 
Some years ago it would have been possible, by precisely the 
same kind of logic that leads to the inevitable misery con- 
clusion regarding the population problem, to prove that it 
would be impossible for civilized human beings to live happily 
in Nome, Alaska, or for a thriving city of happy and con- 
tented people to spring up where Edmonton now is just that. 
Perhaps the most important of all biological phenomena, 
adaptation is the least understood. We can only dimly en- 
visage a small fraction of the changes in the mode of human 
existence which population pressure will entail. 

But that these responses to environmental forces will be 
generally adaptive seems to me certain. They will somehow 
or other conduce to well-being and happiness. Birth control 
would seem to be a case in point. It is an intelligent adaptive 
response to an environmental force, population pressure. It 
is an attempt to slow the rate of population growth and 
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thereby maintain the level of living standards. It will become 
more and more wide-spread. But it is only one of the many 
ways by which mankind will succeed in adapting itself to 
the situation created by the biological law of population 
growth. Another is public health and hygiene. Under the 
conditions of sanitation and hygiene which prevailed even a 
hundred years ago, nothing like our present urban population 
densities would have been possible. Public health measures 
both absolutely increase population and also the environmental 
conditions which make larger populations possible. They 
increase the happiness and well-being of the component ele- 
ments of population. Such measures are, in short, adaptive 
responses of the human species to population pressure. 
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TABLE 1 


OBSERVED AND CALCULATED VALUES FOR THE GROWTH IN WEIGHT OF THE 
Mate Waite Rat. (Donatpson’s Data) 


(This table is discussed on p. 6) 


Observed Calculated Age Observed Calculated 
weight in weight by in weight in weight by 
equation (i) days grams equation (i) 
14.1 70 106.3 103.8 
14.5 73 113.8 110.7 
15.0 76 12153: P76 
1585 79 128.2 124.3 
16.1 82 135.0 130.9 
16.7 85 143.8 137.4 
17.9 88 148.4 143.7 
19.3 92 152.3 TS 
20.8 97 160.0 161.2 
22.4 102 168.8 170.0 
24.2 107 177.6 178.1 
26.1 112 183.8 185.5 
28.2 117 191.4 192.2 
30.5 124 197.3 200.6 
Sone 131 202.5 208.1 
38.3 138 209.7 214.5 
42.7 143 218.3 218.6 
48.6 150 225.4 223.7: 
52.8 157 227.0 228.2 
58.3 164 231.4 2321 
64.2 171 235.8 235.7 
70.4 178 239.4 238.9 
76.8 185 239.8 241.9 
83.4 216 252.9 DAA 
90.1 256 265.4 264.4 
97.0 365 279.0 279.6 
Root mean 
Square dé-| 4.4... 4.96 
viation 
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TABLE 2 
GrowTH oF CUCURBITA Pepo. (DATA FROM ROBERTSON) 
(This table is discussed on p. 7) 


Observed Calculated Observed Calculated 
weight in weight by Days weight in weight by 
grams equation (il) grams equation (ii) 


267 267 4720 4680 
443 399 4864 4850 
658 645 4980 4984 
961 1044 5114 5089 
1498 1586 5176 5172 
2200 5242 5236 
2920 5298 5282 
3366 5352 5315 
3758 5360 5337 
4092 5366 5350 


4488 
46.1 


viation 
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TABLE 3 
REGENERATION OF TADPOLE TaIL. (DuRBIN’s DATA) 
(This table is discussed on p. 8) 


Observed Calculated Observed Calculated 

regeneration | regeneration regeneration | regeneration 
Days 2 in E Days in from 

mm. i iii mm. equation (iii) 
0 0.11 13 Oro 
1 OR22 14 6.71 
2 ony 0.40 15 7.00 
3 0.68 0.68 ily 7.48 
4 1.09 19 7.88 
5 1.62 23 8.58 
6 ae 205 27 9.17 
7 2.95 2.95 29 9.38 
8 3.66 31 9.50 
9 Pek 4.34 33 9.57 
10 5.00 4.96 37 9.60 
11 5.50 41 9.60 
12 Bao, 51 9.60 


Root mean 
square de- 
viation 
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TABLE 4 
THE GROWTH OF A POPULATION OF YEAST CELLS. (CARLSON’S DATA) 
(This table is discussed on p. 9) 


Quantity of yeast 


Quantity of yeast 


Days of 


Growth 
Observed Calculated Observed Calculated 


Days of 
Growth 


0 9.6 9.9 10 SH 63.8) 506.9 
1 18.3 16.8 11 999.4 562.3 
2 29.0 28.2 12 594.8 600.8 
3 47.2 46.7 13 629.4 625.8 
4 Chesil 76.0 14 640.8 641.5 
5 110% 120.1 15 651.1 651.0 
6 174.6 181.9 16 655.9 656.7 
7 Zales 260.3 17 659.6 660.1 
8 350.7 348.2 18 661.8 662.1 
9 ee | eee 


Root mean square 
deviation a7 
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TABLE 5 
THE POPULATION GROWTH OF SWEDEN 
(This table is discussed on p. 11) 


Population in millions Population in millions 


Calculated | Observed Calculated | Observed 


R539 1870 4.119 4.168 
621 1880 4.477 4.566 
.670 1890 4.841 
147 1900 5.202 
.800 1910 5.549 
864 1920 5.876 
944 1940 6.446 
041 1960 6.890 
.160 1980 PANS) 
302 2000 7.440 
471 2020 7.592 
.669 2040 7.692 
.900 2060 th SY 
. 162 2080 7.798 
455 2100 7.825 
776 Upper asympt.| 7.871 


Lower asympt. 
1700 
1720 
1740 
1750 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 
1850 
1860 


WWH DD DN ND FR RRR eee 
WNHNNNNN NK 


Ww 
> 
oo 
nw 


W 
WNW 
fee) 
Oo 
c=) 
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TABLE 6 
THE PoPpULATION GROWTH OF THE UNITED STATES * 
(This table is discussed on p. 13) 


Population in millions Population in millions 


Calculated | Observed Calculated | Observed 


76.870 
91.972 
107 .394 
122.397 
136.318 
148.678 
159.230 
167.945 
174.941 
180.437 
184.678 
190.341 
193. 509 
195. 249 
196. 337 
196. 681 
197.274 


*Data from Statistical Abstract 
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a ee IEEE EIS 


TABLE 7 
Tre PorpvuLaTION GROWTH OF FRANCE * 
(This table is discussed on p. 15) 


Population in millions Population in millions 


Calculated | Observed Calculated | Observed 


Lower asympt. 6.604 1872 36.709 36.103 
1500 6.723 1876 37 .087 36.906 
1550 6.921 1881 Sos! OIeOLe 
1600 7.442 1886 37.944 38.219 
1650 8.768 1891 38.328 
1700 11.877 1896 38.685 
1720 13.912 1901 39.015 
1740 16.480 1906 39.319 
1760 19.543 1911 39.600 
1780 22.960 1920 40.051 
1801 26.668 : 1940 40.836 
1821 30.059 : 1960 41.386 
1841 33.063 : 1980 41.766 
1861 35.563 ‘ 2000 42.027 
1866 36.104 : Upper asympt.) 42.579 


* Observed values taken from Statesman’s Year Book. 
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TABLE 8 
THE PoPpULATION GROWTH OF GERMANY * 
(This table is discussed on p. 20) 


Population in millions Population in millions 


Calculated | Observed Calculated | Observed 


—_  -__ ] ——_] | — | | 


Lower asympt.| 10.109 | ...... 1861 32.281 


38.140 
1700 OES 12a || Merete: 1871 40.867 41.059 
1720 1OROS IRS | Giro ce 1880 44.230 45.230 
1740 1 aoe a noe 1890 49.430 49.430 
1760 WA (WA AN Seereck 1900 56.370 56.367 
1780 152354, | hous 1910 64.930 64.930 
1800 BOES4O ms |aniiiaa = 1920 74-5180" | cenaees: 


1810 PRAT RSIIIN Ae spe 1930 84.165 
1816 24.728 24.833 1940 92.876 
1822 21125 27.040 1950 100.009 
1831 29.723 29.770 1960 105.394 
1840 32.565 32.790 1970 109.218 
1855 36.586 36.114 1980 111.815 

1990 113.526 

2000 1940325 | aes 
Upper asympt.|) 411679319 5) eee 


CurvE I CurvVE II 


Year Population Year Population 


1860 37.681 Lower 

asympt. 33.587 
1870 39.499 1800 33.866 
1880 40.867 1830 34.721 
1890 41.863 1840 35.392 
1900 42.572 1850 36.440 

Upper 
asympt. 44.145 


* Observed figures are from Statesman’s Year Book. Calculated figures come 
from two curves, one running to 1855 and the other from 1855 on. 


221 


THE BIOLOGY OF POPULATION GROWTH 


TABLE 9 
GrowtTH oF WILD TYPE DROSOPHILA POPULATION IN HALF-PINT BoTtTLes 
(This table is discussed on p. 34) 
—_—— 


Calculated 
Date of Population Population Average of population 
census in bottle 1 in bottle 2 | bottles 1 and 2 | from equation 

(xi) 

April 8 2 2 2 1.9 
April 21 40 18 29 48.6 
April 23 71 52 61.5 71.4 
April 26 112 120 116 112.6 
April 29 153 148 150.5 151.9 
May 2 168 192 180 180.1 
May 6 199 216 207.5 199.9 
May 8 177 21S 196 204.7 
May 11 190 232 211 208.7 
May 14 204 214 209 210.5 
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TABLE 10 


GrowTH oF WILD Type DrosopHita PopULaTION mw A Print Botte 
(This table is discussed on p. 36) 


Calculated 
Observed population 
population from equation 
(xii) 


December 2 14.3 
December 11 61.0 
December 14 96.7 
December 17 150.2 
December 20 226.0 
December 23 326.0 
December 27 488.4 
December 29 574.1 
December 31 656.8 
January 4 798.4 
January 7 877.1 
January 10 932.9 
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TABLE 11 


GrowTH OF POPULATION OF QUINTUPLE STocK OF DROSOPHILA IN A 
Pint Bottle 


(This table is discussed on p. 39) 


Calculated 
Date of Observed population 
census population from equation 
(xiii) 


October 6 6. 
October 9 i 
October 13 De 
8. 
le 


October 15 

October 18 6 
October 21 109.2 
October 24 162.6 
October 27 218.0 
October 30 265.0 
November 3 306.8 
November 7 324.5 
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TABLE 12 
INDIGENOUS NATIVE POPULATION OF ALGERIA 
(This table is discussed on pp. 61-72) 


Total observed |Calculated native 
indigenous population from 
Period Census native population | equation (xix) 


A B 


2,307,349 2,355,000 
2,723,851 2,402,000 
2,652,072 2,482,000 
2,125,052 2,595,000 
2,462,936 2,753,000 
2,842,497 2,962,000 


g 
S) 
- 
wy 
3 
og 
=] 
bot at 
a 
Ss 
n 
mal 
e) 


3,287,217 3,224,000 
3,577,063 3,529,000 
3,781,098 3,859,000 
4,098,355 4,184,000 
4,477,788 4,478,000 
4,740,526 4,723,000 
4,924,938 5,060,000 


Of Citizenship 


Lower asymptote = 2,238,000 
Upper asymptote = 5,379,000 
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TABLE 13 


ComMPARING FITTED CURVES AND OBSERVATIONS FOR THE NATIVE 
POPULATION OF ALGERIA 


(This table is discussed on pp. 56-72) 


Percentage Percentage 
rin | Count | feng | Clune a 
easste from equation Rae Sakae 
Table 12) (xviii) (Equation (Equation 
i . ae 


2,842,497 | 3,213,000 cl 1955 
3,287,217 | 3,318,000 4) 03 
3,577,063 | 3,507,000 2.00 
3,781,098 | 3,796,000 39 
4,098,355 | 4,148,000 152f 
4,477,788 | 4,476,000 04 
4,740,526 | 4,712,000 62 4,723,000 
4,924,938 | 4,929,000 .08 5,060,000 
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TABLE 14 
CrupE DEATH RATES oF (a2) EUROPEAN, (b) NATIVE POPULATION OF ALGERIA, 
1901-1914; anp oF (c) FRANCE; (d) U.S. REGISTRATION AREA; 


(e) ENGLAND AND WALES 
(This table is discussed on pp. 81-83) 


Death rate per 10,000 inhabitants of 


Year European Mohammedan 
population of | population of | France 


U.S. Registra- 
tion Area 
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TABLE 15 
Pusiic EDUCATION IN ALGERIA 
(This table is discussed on p. 86) 


Number of students in indicated years 
Class of school and 


tionalit 
Tae 1915-16]1916-17|1917-18]1918-19/1919-20] 1920-21 


A. Primary Education 
1. Ecoles primaires et 


maternelles 
Qa Birenc hime er roe 80,486 | 81,469 | 82,529 | 71,872 | 73,977 | 71,296 
6. Israelites........ 18,862 | 19,081 | 15,411 | 16,848 | 14,484 | 15,633 
c. Mussulmans .... | 44,026 | 42,758 | 39,317 | 42,353 | 41,144 | 42,904 
Ca Loreigneen eee 39,095 | 31,915 | 31,010 | 28,391 | 26,847 | 25,294 
2. Ecoles normales 

Gas Erenc basen 76 273 293 343 338 328 
Oeaisraclites: ec 2A 1/5 18 14 28 19 
c. Mussulmans 55 29 41 53 55 51 
ds Horelgny.e ess ooh 


B. Secondary Education 
1. Etablissements pub- 


liques 

Caren cheers 5,528 | 5,684] 6,110] 6,685] 6,970} 6,598 
Usplstaclitesarea an. 1,078 | 1,243 | 1,358} 1,528} 1,867] 1,925 
c. Mussulmans .... 422 470 445 464 477 434 
dae Koreioneer crt 142 193 201 158 163 170 

2. Etablissements libres 

(Caabrenc heen ieee 648 690 606 | 1,014 754 784 
b. Israelites........ 64 32 5 1 Be 4 
c. Mussulmans .... 2 3 6 15 23 24 
dagEorelgninecccas: 104 126 167 47 41 14 


a. French.......... 86,738 | 88,116 | 89,538 | 74,757 | 82,039 | 79,006 
b. Israclites........ 20,025 | 20,371 | 16,792 | 18,391 | 16,379 | 17,581 
c. Mussulmans .... | 44,505 | 43,260 | 39,809 | 42,885 | 41,699 | 43,413 
d. Foreign......... 39,341 | 32,234 | 31,378 | 28,596 | 27,051 | 25,478 


C. Higher Education 
(University of Algiers) 


d.wlrenchs. aa 768 334 767 836 | 1,483} 1,467 
b. Indigénes....... 39 61 61 41 17 47 
c= Poreign serene 24 84 88 75 51 27 
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TABLE 16 


DEATHS PER 10,000 INHABITANTS AT EacH AGE. TERRITOIRES DU Norp. 
‘AVERAGE OF YEARS 1911-1913 (BUNLE) 


(This table is discussed on p. 98) 


Europeans Mussulmans 


Males Females Males Females 


ZAAG 
317 
67 
57 
79 
107 
151 
164 
200 
288 
510 
450 
688 
1050 
2080 
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United States 
Registration Area 


Males 


1249.5 
80.7 
34.5 
IES, 
36.5 
55.4 
60.0 
87.4 

128.4 
217.8 
440.6 
927.2 

1909.4 

3217.6 

4280.9 


Females 


1037.7 
75.9 
31.4 
21.0 
33.9 
48.5 
56.9 
73.0 

101.2 
182.0 
381.5 
825.5 

1780.7 

3282.8 

4101.9 
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TABLE 17 
Lrvinc Brerss PER 10,000 INHABITANTS. TERRITOIRES DU NoRD. 
(This table is discussed on pp. 105, 116-119) 


| von European | Mohammedan 


population population 
1901 297 273 
1902 311 312 
1903 306 328 
1904 302 323 
1905 282 295 
1906 298 280 
1907 289 280 
1908 314 303 
1909 295 279 
1910 313 294 
1911 273 290 
1912 288 309 
1913 293 293 
1914 283 261 
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TABLE 18 


Bret RATES PER 10,000 PopuLation op Various COUNTRIES 
1900-1913 IncLuUsIvVE. (KwnrpBs’s Data) 


(This table is discussed on pp. 117-119) 


England 


Year and France Nether- 


Denmark 


Wales lands 


287 316 
285 323 
285 318 
285 316 
280 314 


273 308 
272 304 
265 300 
267 297 
258 291 


251 286 
244 278 
238 281 
239 281 


Pico 
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TABLE 19 


Data For Cities USED IN PARTIAL CORRELATION STUDY 
(This table is discussed on pp. 150-156) 


School 
Birth +. | Popula- attend-| House 
City rate pera tion ae ance |density 
18-20 

B A Ie Ww S D 
Berkeley} Calica. eeice D2 On al ORS 56,036 |$1,296.16 | 47.7 | 4.3 
Hiresnoy Caley. iter 179.9} 8.8 45,086 | 1,003.70 | 20.3 | 4.7 
Los Angeles, Cal......... 128.2 2.4 | 576,673 | 1,844.82 | 20.9 | 4.6 
Oakland, (Cala. aar eae PAS ©. Om) 9216,2019 | 1456234519 2273 | Ano 
Pasadena, Calin «ati. 141.6] 4.5 45,354 | 2,147.11 | 34.7 | 3.9 
Sacramento, Cal... 0... 158.9 eS 65,908 | 1,595.43] 18.7 | 4.8 
San’ Diego, Cale awaaens: 154.4 1.4 74,683 | 1,385.05 | 22.9 | 4.0 
San Francisco, Cal....... 122 ci \1826nl  506,670822:253309 sl ten ie oeO 
Sanwjoses Calsp anes | el sor 7.8 39,642 | 1,142.02 | 31.0 | 4.2 
Stocktons Galanin ne 158.6 | 7.6 40,296 | 1,560.62 | 17.0 | 4.8 
Bridgeport, Conn........ 188.1] 14.7 | 143,555 | 1,592.05 |] 8.4] 6.4 
Hartford; Conn... 210.6 | 13.1 | 138,036 | 1,267.60 | 13.9 | 8.4 
New Britain, Conn....... 206.0} 6.9 59,316 VPA EAL ais) |) 
New Haven, Conn....... 1391 | ASES S| 1625537064565" (eis) ON aie 
Stamford; Conn epee 199.0 Us 35,0908 | 215824" aloe S me edie 
Waterbury, Conn........ 198.0] 4.9 SAIS eM NVR || 73 
East Chicago, Ind....... | 204.2 Bot 35,907 |i 29196, 49 | Neon Om iene 
Evansville; Ind.......... 114.7 | 14.9 85,264 906.46 | 8.9 | 4.5 
Fort Wayne, Ind........ 1SOnSe en 86,549 | 1,343.11 | 11.7 | 4.6 
Gary sind. aloe 225 55,378 | 1,541.42 | 7.4} 6.7 
South Bend, Ind......... 166.9 7.0 70,983 | 1,283.90 | 9.3 | 4.9 
Herre Haute, Ind cert r lose onl mnt on 66,083 | 1,052.10 | 18.0 | 4.3 
Topeka, Kans........... ilies 4.9 50,022 | 1,602.50 | 18.6 | 4.2 
Wichita, cans sence 135980 525 (APA | Me SL OAD, |) 26 
Covington Kya 147.3 | 14.8 Sion (OOS T Salle Ome 
Newporta Kyseaen eee 1SOF Sa OLO 29,317 116.86-1"976 + 35.2 
Portland, Maine......... | 169.7 4.9 69,272 | 1,459.28 |. 22.3-| 6.3 
Boston; Masse qseerene 207.8 | 26.5 | 748,060 | 2,004.30 | 15.2 | 9.4 
Brockton, Mass.......... 164.9] 4.7 66,254 831.17 | 16.4 | 6.4 
Brookline, Mass......... 64.4) 8.4 31,148" 82,5861 135) |) 42215 ie 
Cambridge, Mass........ | 207.3 | 27.1 | 109,694 | 1,235.71 | 18.5 | 7.3 
@helseay Vass emcees PART AL | SESW) 43,184 832.80 | 12.5 | 9.8 
EVeretty lass neni reier 161.1 | 18.8 40,120 O90 220 PLO dele one 
FallbRivers\lass eee 235.7 5.5 | 120,485 | 1,070.82 | 11.3 | 8.7 


—-————_e&«GQ—evK—K$§e 
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TABLE 19 (Continued) 


Data For Cities UsED IN ParTIAL CoRRELATION STUDY 
(This table is discussed on pp. 150-156) 


School 
Birth Density Popula- Wealth attend- House 
City rate tion ance /density 
18-20 
B A Te Ww iS D 
Fitchburg, Mass......... 202.1 BS) 41,029 |$1,054.42 | 12.7 6.6 
Haverhill, Mass......... | 164.2 Dine 53,884 900.46 | 12.0 5.9 
Holyoke, Mass.......... | 208.6} 4.5 60,203 | 1,177.99 | 16.9 | 10.6 
Lawrence, Mass......... | 193.2 | 22.2 94,270 968.42 | 11.3 7.4 
Howell Mass.oe 2. ene «: 21991} 1354 |) 1125759 887.16 | 14.3 6.4 
evn ass. passers ties 147.8 | 14.1 99,148 | 1,000.71 | 14.3 Cull 
Malden} Massy ss). eri 178.8 | 15.8 49,103 836.93 | 19.2 | 5.8 
New Bedford, Mass...... 201.0 ONO 1221 ia Ud | Oe 8.1 
Newton, Massi.s... 00). 165.0 | 4.1 46,054 | 1,666.10 | 32.8 Sal 
Rittshield, Masser seas: 191.7 1S 41,763 | 1,027.53 | 11.6] 5.4 
@uihcys Massy an. alas: 150.8 4.2 47,876 | 1,070.34 | 17.5 5.0 
Salem, IMIS. oo og00 cone 2ASae 8.3 42,529 997.57 | 14.5 ED 
Somerville, Mass......... 149.6 | 34.8 93,091 933.60 | 19.5 6.2 
Springfield, Mass........ | 177.2 6.0 | 129,614 | 1,640.30 | 16.7 6.8 
Manton ass.ce. ee se 206.6 1S 37,137 749.87 | 15.6 | 6.2 
Waltham, Mass.......... 211.4 3.8 30,915 | 1,043.44 | 17.5 5.4 
Worcester, Mass......... 200.3 Ted) | 27957545 | 1 SON Ot e152 9.3 
Battle Creek, Mich...... 126.2 9.5 36,164 | 1,629.88 | 16.4 | 4.4 
iBaya@itys Mich.! 2.40 190.6 thes. 47,554 OSI Se te1 22 On |e 
Detroit-eMichemn sae eae 166.5 | 18.9 | 993,678 | 1,459.83 | 8.1 6.5 
linteMich- sen. -cten 189.5 4.6 91,599 (YAU AL OO || Se 
Grand Rapids, Mich..... | 154.3 | 11.9 | 137,634 | 1,340.06 | 13.8 | 4.7 
Highland Park, Mich..... | 102.1 | 22.8 46,499 | 3,166.65 | 12.6 5.8 
Jacksonsilichine totes a SAO) |p Saal 48,374 958.44 | 10.6 |] 4.6 
Kalamazoo, Mich........ Wiha ?? 9.0 48,487 | 1,093.52 | 15.4 4.6 
Wansing, Michinen ssc) |i load 7.8 SY eyNi 906.11 | 12.8 | 4.7 
Saginaw, Mich.......... 181.0 6.9 61,903 877.04 | 9.3 4.4 
Duluth, Mannan vee 174.2 25 98,917 | 2,228.69 } 13.7 Heil 
Minneapolis, Minn....... 161.4 |} 11.6 | 380,582 | 1,839.37 | 20.6 5.8 
Stebaul Minn sree al oons 6.9 | 234,698 | 1,802.52 | 15.7 Es) 
duincolnyeNebsmcce ree ere 164.5 7.8 54,948 | 1,324.65 | 30.0 | 4.5 
Omaha Nebraac.cnn cert 152.3 7.9 | 191,601 | 1,628.40 | 14.2 5.0 
Manchester, N.H........ 20ES od 78,384 | 1,080.70 | 15.7 7.4 
FAL DativatiN aes pre ai enenn er 15257 9.4 | 113,344 | 1,131.11 | 15.9 6.2 
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TABLE 19 (Continued) 


DaTA FOR Cities USED IN PARTIAL CORRELATION STUDY 
(This table is discussed on pp. 150-156) 


City 


Amsterdam; Nav... ec.) 


ATIDUITIIING War eaves misiete or 
Binghamton, N.Y........ 
Birtlalos NY cecrteetivecee 
Elmira Neves aceiocnie a 
Jamestown, N.Y......... 
Mount Vernon, N.Y.. ... 
New Rochelle, N.Y...... 
New. Work, UNG oo. anes: 
Niagara Falls, N.Y....... 
Poughkeepsie, N.Y....... 
RochestergiNeMesencase hes 
Schenectady Neve-ceeta: 
Syracuse wNaVessieen steliers 
ARTO. SIN Mientenie sveversteisacors 
WtiCa WINGY secre: celtic c 
Watertown. Veneers: 
VonkerssNoy nies chee 
AKTON ODlOgaaasces aes 
‘Canton; Ohio ese tee ese 
Ginemnatis Ohio. e. 
Cleveland, Ohio......... 
Columbus, Ohio......... 
Dayton, Ohion sss. 
Hamilton, Ohio......... 
Mima Ohio var aeee eee: 
Worait, Ohio esceear 
Newark, |Ohio--eere aoe 
MoledoswOhions.o eee 
Youngstown, Ohio....... 
Zanesville, Ohio......... 
Portland, Oregon........ 
Allentown, Penn......... 
AltoonasPenne.5.ieee 


School 
Wealth attend-| House 
ance |density 


Birth : Popula- 
rate Renety, tion 
B A 12 

dees 9.5 33,524 
155¢3 6.7 36,192 
168.2 | 10.8 66,800 
181.6 | 20.0 | 506,775 
180.4 9.7 45,393 
143.8 7.0 38,917 
1592s S76 42,726 
129.5 Bas) 36,213 
161.4: | 28.7 |5,620,048 
197.6 8.1 50,760 
165.5 | 19.0 35,000 
155.3 | 14.6 | 295,750 
140.2 | 17.2 88,723 
164.0} 14.1 AL galy 
159.7 | 10.9 72,013 
182.2 8.8 94,156 
169.3 S.1/ 31,285 
168.1 TS 100,176 
154.8 | 12.9 | 208,435 
150.4 9.6 87,091 
134.8 8.8 | 401,247 
EOF egal al 796,841 
U287ta | 1 5eS azo Ost 
ISOS eld 47, 152,559 
164.0 | 11.7 39,675 
139.6 9.8 41,326 
183.8 6.0 37,295 
147.2 8.5 26,718 
137.9 | 12.9 | 243,164 
187.1 de 132,358 
153.3 (ho 29,569 
125.4 6.2 | 258,288 
160.6 | 18.3 73,502 
178.1 | 25.4 60,331 


18-20 
Ww S D 

$5 675/67 | (7:8 (Gee 
877.64 | 14.3 | 5.0 
847.01 | 13.1 | 6.4 
1,125.99 | 11.4] 6.9 
859.39 | 29.0 | 4.9 
1,200.80 | 15.2 | 4.9 
1,286.28 | 19.0 | 7.3 
2,122.60 | 14.8 | 6.6 
1,565.10} 8.8 | 15.4 
1,824.00] 7.9] 6.1 
1,134.52: | -4tao7) Gee 
1,170.24 | 12:5.) 2592 
937.56 | 17.8 | 6.4 
1,193.12} 19.4 | 6.0 
914.23 | 15.5 | 6.2 
736.83 | $172 one 
785.91 | 12.9 | 4.7 
1,589) 510 | 18. Gre oes, 
1,367.44 | TSG 
1,531.79 | $.00) 3500 
LIL AT Tools 
1,700.59 | 11.6 | 6.8 
1,406.50 | 19.0 | 4.6 
1,371.38 1:43:81 aS 
1,288.49 | 10.2 | 4.6 
1,132,854 13: de) ace 
1,463.65 | 13.3 | 5.7 
1,211.87 | 14.61 3.9 
1,471.82 | 11.6 | 4.9 
1716-210 |, AOeo ol enees 
1,172.54 | 1142 | 4:0 
1.931.321 | 22:00 29 
840.22 | 10.8 | 4.8 
989.63 | 14.4] 4.8 
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TABLE 19 (Continued) 


DaTA FoR CITIES USED IN PARTIAL CORRELATION STUDY 
(This table is discussed on pp. 150-156) 


School 
Birth Density Popula- Wealth attend- House 
City rate tion ance |density 
18-20 
B A Pe W S D 
Wastone benlere crises a 165,95 | 1524 33,813 1$1,164.58 | 13.3 4.4 
rie ese oie sarisrstetec dees MESES 3 |) USS vf 93,372 773.96 | 14.6 5.4 
Harrisburg, Penn........ 124.8 | 19.7 75,917 | 1,119.02 | 15.4 4.5 
Johnstown, Penn........ | 234.3 | 18.1 67,327 | 1,078.69 | 9.8 5.4 
Wancasters, benny .. ai 191.4 | 20.0 53,150 866.60 | 11.9 4.4 
McKeesport, Penn....... | 210.9 | 20.3 46,781 984.95 | 11.9 6.0 
New Castle, Penn........ 188.7 be) 44,938 878.74 | 13.2 4.9 
Norristown, Penn........ 181.1} 14.0 32,319 865.43 | 9.2 5.4 
Philadelphia, Penn....... | 163.8 | 20.9 {1,823,779 | 1,419.36 | 8.7 Ne 
Pittsburgh, Penn......,. | 175.2 | 22.8 | 588,343 | 1,465.25 | 12.7 6.3 
Reading» Pennysc..c0 ai.) | O2eda| dir 107,784 864.07 | 9.1 4.7 
Scranton, bennsececn aot 163239) 1s OF 15413 7678Sn| S060; 46s 1en9-9 5.8 
Wilkes-Barre, Penn...... 22056") 22e0 73,833 | 1,451.48 | 14.0 Ses 
Williamsport, Penn...... 192.1 7.8 36,198 CON PP |) U.S} 4.5 
Works Penn:....: ocesee 2 16675) (92022 47,512 859.31 | 10.2 4.4 
Osdenetahers -onnnescee 220.9 3.0 32,804 | 1,075.45 | 19.4 Sail 
Salt Lake City, Utah.... | 188.4 O28 118,110 | 1,696.71 | 23.6 5.0 
Bellingham, Wash. ...... 149.6 72. ih DPSS on el 1O2Somaaoma 4.3 
ifiveretthavV ashe. eco ss 131.6 5.8 27,644 | 1,032.34 | 17.0 4.5 
Seattles Washo. a.:.2.60- 119.6 8.1 | 315,312 | 1,630.88 | 22.9 Bad 
Spokane wWashen ns ceianr 152.0 4.2 104,437 | 1,472.05 | 27.5 4.7 
‘Racomay) Washes che: 150.6 3.8 96,965 | 1,277.86 | 18.1 4.5 
Green Bay, Wis......... 215.6 Sot) 31,017 | 1,121.72 | 14.5 BW 
IRGie a, Wiha semoudsc 176.2 | 10.4 40,472 | 1,085.77 | 10.6 6.4 
La Crosse, Wis.......... 194.8 4.8 30,421 | 1,032.47 | 24.0 4.4 
Madisons, Wists. . anne 154.6 9.0 38,378 | 1,992.81 | 35.3 Spl 
Milwaukee, Wis......... 157.6 | 27.5 | 457,147 | 1,394.26 | 14.4 6.8 
Oshkoshs Wiss: occas 164.9 6.2 33,162 | 1,089.67 | 19.0 4.4 
Racine. Wissastae wet 167.4 | 14.2 58,593 | 1,308.46 | 9.0 5.6 
Superior, Wis.)..........- 170.6 ‘eZ, 39,671 | 1,154.32 | 18.6 | 5.4 
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ST 


TABLE 20 


BirtH Rates oF Waites, PER 1,000 ENUMERATED FEMALE POPULATION, BY 
CounTRY OF BIRTH IN THE REGISTRATION AREA AND EACH 
REGISTRATION STATES: 1920* 


(Rates are shown in italics when the number of births is less than 5) 
(This table is discussed on p. 159) 


Rate per 1,000 enumerated female population 


Country of birth 


Area Denmark,| England, Other 
United Norway, |Scotland, foreign 

States Canada aad aad Ireland| Italy rR 

Sweden | Wales tries 


The registration area | 42.8 | 47.3 39.4 38.2 | 41.5 | 160.0 Sone 


@alifornia = y.2.o.. < 34.7 | 25.8 33.0 33.8 || 34.5 92.1 Wid 
Connecticut ...... S12 S58 44.9 36.7 39-0! pal Fe 2s lo few 
Dist. of Columbia . | 33.9 | 23.4 43.0 32.9 31 2a Oreo 68.2 
Indianas esa. cee 43.8 | 28.3 34.9 41.6 29.2 | 137-8 83.0 
Koansacice sete oni 46.4} 15.5 20.6 18.8 14.1 96.1 58.8 
IRentucky wk ecu SOP E1228 44.6 AWS TS 24S 29.6 
Veamnia dens oye s ATES agaet 41.9 Car 48.9 | 231.2 | 103.9 
Maryland ........ 47.1] 44.8 52.8 43.3 28.2 | 160-0 72.9 
Massachusetts .... | 33.2 | 54.7 1h S| 42.0 SOL 75st s 18689 
Michigan <-s.e5 80. AL ft naing ST a5 5223 Soro 20se2 98.8 
Minnesota ........ 48.5 | 29.4 41.9 43.9 26. 1820625 0325 
iNebraska orn eee 49.8] 12.0 SoS 25.2 21.0 | 180.4 52.8 
New Hampshire ... | 37.0 | 71.4 34.9 34.6 34.5 | 176.4 | 130.6 
New York <0. .ce-. Sor TORO 41.5 S00) | 42:65) 15068 72.9 
North Carolina 64.2 | 47.5 78.4 48.2 Shiai o2e3 92.0 
Ohiow es: Hee eos: 39:9 |e S2or 41.3 35.8 3124) | 17820 82.5 
Oregon 26 a5 reas Bier) SB: 37.6 41.5 27.0 }-412..5 51.6 
Pennsylvania ..... 42.0 | 40.5 40.5 36.0 39.2 | 188.8 | 118.1 
South Carolina: -..5) [259 taeda d 380.8 70.4 4 19-1 97.2 72.5 
Utah eee ee 04 SueSies 46.4 44.5 42 AY | S15) 110.9 
Vermont \oicnheeec 3920 Pe 6Let 35.0 43.7 24.8 | 107.8 | 144.4 
Virginia, 30 “cd 56.7 | 46.3 54.7 47.6 34.9 | 124.2 90.6 
Washington ....... 41.0 | 36.6 43.4 40.3 40.8 | 109.0 57.3 
Wisconsin ........ 45.4 1 25:37 32.8 28.7 19.4 | 191.2 Sited 


Taken from (p. 10) Birth Statistics for the Birth Registration Area of the 
United States, 1920. Washington (Government Printing Office), 1922. 
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Jag |-osqy | Jag |-osqy | Jog |-osqy | Jag | -osqy -osqy | Jog | -osqy } Jeg 


PIT-OLT 
601-SOT 
FOT-O0T 
66 —S6 
%6 —06 
68 -S8 
%8 -08 
6L -SL 
tL -OL 
69 -S9 
v9 -09 
6S —SS 
PS —OS 
6 -SP 
tb -OP 
6€ —SE 
FE —-O€ 

Se 

-0¢ 

=a 


60 
$0 
S20) 
vit 
cv 
6T 
08 
¢'°8 
88 
sé 


OMOWOMOMIO 
MOHOOCONS 


quao | o3nj a4ny 399 oq] ayn] ayn] 


6L-0L 69-09 6S-0S 6F-0F 6£-0E 62-02 0g wpun te y 


sapedep poytoads oy} ut sasvo Jo JIoqunN 


(981-Sgt ‘dd uo passnosip st aqe} sty) 
HINOW Yd SALIOD fO AONANOTAT AOVAGAY 


W? WIGViL 


TOOt | FEt |SIRIOL 


“OSV | yQuoUt | 
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